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e Update of receptor locations based on land use or land-use zoning changes, if any

If the risk goals are exceeded in the PRA or the FRA additional site specific data will be evaluated for use
in the assessments, subject to Ecology approval.

7.7 References

7.7.1  Project Documents

CCN 019247, Washington Department of Ecology/Tetra Tech Em Inc. Input On Issues Associated with
the Final Work Plan for Screening Level Risk Assessment for the RPP-WTP (RPT-W375-ENG00O],

Rev. 1) (Risk Assessment Work Plan), Memorandum documenting E-mail communications from Jerry
Yokel, Washington State Department of Ecology, and Tetra Tech letter to Jerry Yokel, Washington State
Department of Ecology, 27 March 2001.

CCN 063802, EPA To WTP Regarding Ethylbenzene Toxicity, E-mail communications from Marcia
Bailey, US Environmental Protection Agency Region 10, to Sharon Robers, SAIC, 17 and 18 July 2002.

CCN 063803, EPA to WTP Regarding Chloromethane Toxicity, E-mail communication from Marcia
Bailey, US Environmental Protection Agency Region 10, to Sharon Robers, SAIC, 11 April 2003.

CCN 063804, EPA to WTP Regarding Farmer Soil Ingestion Rate, E-mail communication from Marcia
Bailey, US Environmental Protection Agency Region 10, to Sharon Robers, SAIC, 31 October 2002.

CCN 063805, EPA to WTP Regarding Exposure Parameters, E-mail communication from Cathy
Massimino, US Environmental Protection Agency Region 10, to Sharon Robers, SAIC,
4 September 2002,

CCN 063806, EPA to WTP Regarding Infant Body Weight, E-mail communication from Marcia Bailey,
US Environmental Protection Agency Region 10, to Sharon Robers, SAIC, 31 October 2002 (2:26 pm).

CCN 063807, EPA to WTP Regarding Exposure Scenarios and Exposure, E-mail communication from
Marcia Bailey, US Environmental Protection Agency Region 10, to Sharon Robers, SAIC, 13 June 2002.

CCN 063809, Ecology/EPA To WTP Regarding Dioxin Slope Factor And Acute Hazard Threshold,
Personal communication between SAIC, US Environmental Protection Agency, Region 10, and
Washington Department of Ecology, at a meeting held on 23 and 24 April 2003 in Seattle, Washington.

CCN 063810, Ecology/EPA To WTP Regarding Exposure Parameters, Personal communication between
SAIC and US Environmental Protection Agency, Region 10, at a meeting held on 16 September 1999, in
Richland, Washington.

CCN 063812, EPA To WTP Regarding Dioxin Slope Factor, E-mail communication from Marcia Bailey,
US Environmental Protection Agency Region 10 to Sharon Robers, SAIC, 16 January 2003.

CCN 063814, EPA To WTP Regarding Surrogate Toxicity Values, E-mail communication from Marcia
Bailey, US Environmental Protection Agency Region 10, to Sharon Robers, SAIC, 11 June 2002.
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CCN 063816, EPA To WTP Regarding Exposure Durations for Worker, E-mail communication from
Marcia Bailey, US Environmental Protection Agency Region 10, to Sharon Robers, SAIC, 19 December
2002.

CCN 063817, EPA To WTP Regarding Revised Appendix A-3 of HHRAP, E-mail communication from
Marcia Bailey, US Environmental Protection Agency Region 10, to Sharon Robers, SAIC,
30 October 2002.

CCN 063818, EPA To WTP Regarding Toxicity Value for 1,3-Butadiene, E-mail communication from
Marcia Bailey, US Environmental Protection Agency Region 10, to Sharon Robers, SAIC,
4 November 2002,

CCN 064327, EPA To WTP Regarding ROPCs for Nursing Infant Scenario, Personal communication
between SAIC and US Environmental Protection Agency, Region 10, during a conference call held on
28 October 1999.

CCN 064328, EPA To WTP Regarding Adjustment Factor for ROPC Slope Factors, Personal
communication between SAIC and US Environmental Protection Agency, Region 10, at a meeting held
on 1 and 2 November 2000 in Seattle, Washington.

CCN 064329, EPA To WTP Regarding Sweat Lodge Modeling, Personal communication between SAIC,
US Environmental Protection Agency Region 10, Ecology, and WTP, at a meeting held on 6 and
7 September 2001 in Seattle, Washington.

CCN 064330, EPA To WTP Regarding Surrogate Toxicity Values for Human Health Risk Assessment,
Personal communication between SAIC and US Environmental Protection Agency, Region 10, at a
meeting held on 29 and 30 May 2002, in Seattle, Washington.

CCN 064331, EPA To WTP Regarding Human Exposure Scenarios and Exposure Parameters, Personal
communication between SAIC and US Environmental Protection Agency, Region 10, at a meeting held
on § and 9 October 2002 in Seattle, Washington.

CCN 064332, EPA To WTP Regarding COPC List And Resuspended Dust, Personal communication
between SAIC and US Environmental Protection Agency, Region 10, at a meeting held on 15 September
1999, in Richland, Washington.

24590-WTP-RPT-ENV-13-001, Rev 0, CALPOST Data Evaluation to Support the Environmental Risk
Assessment.

7.7.2 Codes and Standards

WAC 173-340-708. Human Health Risk Assessment Procedures, Washington Administrative Code,
effective 12 November 2007.

WAC 173-340-900. Tables, Washington Administrative Code, effective 12 November 2007,
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Table 7-1 Human Receptor Populations and Exposure Pathways for the PRA for the Hanford WTP
Exposure Pathways
Inhalation | External Absorp-
Routes |Radiation Ingestion tion
B3I 8| gl = o & o &
21> |2 | 2 2 iy gl »
Bl & 2 —sz) 3] 8 < 9 5
9| = = & S| & 3 = 2P =
=N - o 2| 8 |= - 2 =
SIBIZIElE] |3 5| |£(S|&|.|E] = |:
21218122 =% gl=22«|=22I125|2| ¢ |3
Receptor Location Elelal el |3ElR5|8|E1EIE|EIEIE] & |a
Plausible Exposure Scenarios (evaluated in current and future timeframes)
Works at onsite ground maximum | X | X X | X | X | | | |
Hanford site industrial  |[Resides at Hanford offsite location X | X X X | X »
worker (adult) Consumes homegrown produce (offsite) X
Consumes water (Columbia River max) X
: Resides at Hanford offsite location X | X X | X | X
Residen: Consumes homegrown produce (offsite) X X
(adult and child) ' £ procuct
Consumes water (Columbia River max) X
Resident Subsistence Resides at Hanford offsite location X | X X | X | X
American Indian Consumes wild produce/game (hunter/gatherer area) X|X|X|X X
(adult and child) Consumes water (Columbia River max) | X | | | [x] x
Worst-Case Exposure Scenario (evaluated in current and future timeframes)
Resident subsistence Resides at Hanford offsite location X | X X | X | X |
farmer Consumes homegrown produce/livestock (offsite) X | X |X|X]|X | X
(adult and child) Consumes water (Columbia River max) X
Resident subsistence Resides at Hanford offsite location X | X X | X | X
fisher Consumes homegrown produce (offsite) X X
(adult and child) Consumes fish and water (Columbia River max) X | X
Acute exposure Acute maximum X X
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Table 7-1 Human Receptor Populations and Exposure Pathways for the PRA for the Hanford WTP
Exposure Pathways
Inhalation | External Absorp-
Routes |Radiation Ingestion tion
=) g8 = = 1% & - g
2= 2 |5 & Ey 5| 5
AR =2 18, (S 0% |
Ak < 5Bl |5 | %
S22 2| & 3 g £1S| B & =2 |8
212182 |2 |=|Blwl=|Sle|lz=IB|=|2| B |8
Receptor Location Elelal eS8 |BEK5I18|E1E|E|EIE|E] & |a
Alternate Exposure Scenarios (evaluated in current and future timeframes)
Kt Residait Resides at Hanford offsite location X | X | X | X | X |
subsistence American Visits Gable Mountain maximum X | X X X X %
Indian, scenario #1 Consumes wild produce/game (hunter/gatherer area) X[ X|X|X
(adult and child) Consumes fish and water (Columbia River max) X X X
Resides at Hanford offsite location X | X X | X | X
Alternate Resident Consumes homegrown produce/livestock (offsite) X[ x| x| x|x
sub§1stence Arpencan Consumes wild produce/game (hunter/gatherer area) X |[X|X|X X
Indian, scenario #2 —
(adult and child) Consumes fish and water (Columbia River max) X X X
Consumes water (Columbia River max) X | X X

X = complete exposure pathway for receptor.
? Includes direct inhalation of vapor phase and particulate emissions. Applicable to current timeframe only (during WTP emissions).

b Pathway attributable to exposure to water/fish from the Columbia River maximum. Applicable to current timeframe only (during WTP emissions); subsequent to WTP operation,
deposited constituents are transported down river.

¢ Includes nursing infant assessment - maternal exposures indicated.
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Table 7-2 Hanford Site Industrial Worker Exposure Parameters
Onsite
Parameter Description Units Worker Source or Reference
CCN 064331, EPA to WTP Regarding Human
Exposure Scenarios and Exposure Parameters,
EF Exposure davs/vr 350 Personal communication between SAIC and US
frequency Yy Environmental Protection Agency, Region 10, at
a meeting held on 8 and 9 October 2002 in
Seattle, Washington, USA.
CCN 063816, EPA to WTP Regarding Exposure
Ex " Durations for Worker, E-mail communication
EF o f pOSIIll © at work days/yr 250 from Marcia Bailey, US Environmental
cquency N Protection Agency Region 10, to Sharon Robers,
SAIC, 19 December 2002,
Exposure
EF ctire frequency during days/yr 350 HHRAP Table C-1-8
retirement
ED Equsure yr 20 )
duration CCN 063816, EPA to WTP Regarding Exposure
ED Exposure . 20 Durations for Worker, E-mail communication
work duration at work y from Marcia Bailey, US Environmental
Exposure Protection Agency Region 10, to Sharon Robers,
EDrCtirC duration during yr 10 SAIC, 19 December 2002.
retirement
. he/d 24 CCN 063807, EPA to WTP Regarding Exposure
ET Exposure time rday Scenarios and Exposure, E-mail communication
from Marcia Bailey, US Environmental
Exposure time at Protection Agency Region 10, to Sharon Robers
ET hr/d 8 ’ ’
work work veay SAIC, 13 June 2002.
BW Body weight kg 70 HHRAP Appendix C
Inhalation
. Averaging time
ATN inhal for yr 20
noncarcinogens CCN 063816, EPA to WTP Regarding Exposure
Averaging time Durations for Worker, E-mail communication
ATy for yr 20 from Marcia Bailey, US Environmental
noncarcinogens Protection Agency Region 10, to Sharon Robers,
Averaging time SAIC, 19 December 2002.
for
AT e noncarcinogens r 10
during retirement
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Table 7-2 Hanford Site Industrial Worker Exposure Parameters
Onsite
Parameter Description Units Worker Source or Reference
_ ; CCN 063805, EPA to WTP Regarding Exposure
IR Inhalation rate m’/hr 0.833 Parameters, E-mail communication from Cathy
Massimino, US Environmental Protection Agency
Region 10, to Sharon Robers, SAIC, 4 September
2002.
IR, Inhalation rate at o /hr 15
work
CRyi soil kg/day 0.0001 | Exposure Scenarios and Exposure Parameters,
Personal communication between SAIC and US
) Environmental Protection Agency, Region 10, at
CRuit work Ingestion rate for kg/day 0.0002 | @ meeting helq on 8 and 9 October 2002 in
soil at work Seattle, Washington, USA.
CRy Ingestion rate for L/day b CCN 063813, EPA to WTP Regarding Drinking
drinking water Water Ingestion Rate for Worker, E-mail
Ingestion rate for communication from Marcia Bailey, US
CRyw offwork drinking water L/day 1 Environmental Protection Agency EPA Region
after work 10 to Sharon Robers, SAIC, 10 January 2003.
Consumption
CR, rate: aboveground | <&KE-4aY |4 60035
£ . Fw
domestic produce
Consumption ka/ke-da .
CRy, rate: belowground & F%N Y| 0.00014 | HHRAP Table C-1-2 (Resident)
produce
Consumption
CR rate: protected kehke-day | 15061
pp FW
produce
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Table 7-2 Hanford Site Industrial Worker Exposure Parameters
Onsite
Parameter Description Units Worker Source or Reference
Exposure time
factor for outdoor
ET, exposure to unitless 0.060
ROPCs in soil
(non-work days)
Exposure time
factor for indoor EPA. 1997. Exposure Factors Handbook,
ET; exposure to unitless 0.940 | EPA/600/P-95/002Fa. Office of Research and
ROPCs in soil Development, US Environmental Protection
(non-work days) Agency, Washington, DC, USA. (for after-
Exposure time workday exposures, the exposure time factor for
factor for outdoor indoor exposure is adjusted for the 8 hrs spent at
ET, offwork exposure to unitless 0.060 work [0.607 = 0.94 - 8/24])
ROPCs in soil
after work
Exposure time
factor for indoor
ET; sitwork exposure to unitless 0.607
ROPCs in soil
after work
Exposure time
factor for outdoor
ET, work exposure to unitless 0.167
&Srll)(cs in soil at Exposure is for 4 hr/day indoor, and 4 hr/day
- outdoor while at work. See RAWP Section
Exposure time 7161
factor for indoor T
ET; work exposure to unitless 0.167
ROPCs in soil at
work
Nursing Infant Exposure Parameters
D | iPOSUIC yrs 1 HHRAP Table C-3-2
duration
CCN 063816, EPA to WTP Regarding Exposure
Maternal Durations for Worker, E-mai.l communication
ED naternal . yr 20 from Marcia Bailey, US Environmental
exposure duration Protection Agency Region 10, to Sharon Robers,
SAIC, 19 December 2002,
1R i Ingestion rate: L/day 0.688 | HHRAP Table C-3-2

breast milk
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Table 7-2 Hanford Site Industrial Worker Exposure Parameters
Onsite
Parameter Description Units Worker Source or Reference

CCN 063806, EPA to WTP Regarding Infant
Body Weight, E-mail communication from

BWi e Body weight kg 7.2 Marcia Bailey, US Environmental Protection
Agency Region 10, to Sharon Robers, SAIC, 31
October 2002 (2:26 p.m.).

AT | AVeTaSING time yr 1 HHRAP Table C-3-2

for carcinogens

HHRAP: EPA. 2005. Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities, EPA/530/R-
05/006, US Environmental Protection Agency, Washington, DC.
(http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm).
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Table 7-3 Resident Exposure Parameters
Parameter Description Units Adult Child Source or Reference
EF Exposure days/yr 350 350 HHRAP Tables C-1-7 and C-1-8
frequency
Ep | bxposure yr 30 6 | HHRAP Tables C-1-7 and C-1-8
duration
ET Exposure time hr/day 24 24 Assumed (conservative) value
BW Body weight kg 70 15 HHRAP Appendix C
AT, | Averagingtime yr 70 70 | HHRAP Table C-1-7
for carcinogens
Inhalation
Averaging time
ATN inhal for g yr 30 6
noncarcinogens HHRAP Table C-1-8
Averaging time
ATy for yr 30 6
noncarcinogens
CCN 063805, EPA to WTP Regarding
Exposure Parameters, E-mail
. 3 communication from Cathy Massimino,
IR Inhalation rate m’/hr 0.833 0.417 US Environmental Protection Agency
Region 10, to Sharon Robers, SAIC, 4
September 2002.
CRui gfles“o“ rate for |\ oday | 00001 | 00002 | HHRAP Table C-1-1
CCN 063807, EPA to WTP Regarding
Exposure Scenarios and Exposure, E-
Ingestion rate for mail communication from Marcia
CRaw drinking water L/day 2 ! Bailey, US Environmental Protection
Agency Region 10, to Sharon Robers,
SAIC, 13 June 2002.
Consumption
CR,, rate: aboveground ke/ l;%;/day 0.00032 0.00077
domestic produce
Consumption
CRy, rate: belowground | <& ﬁ%day 0.00014 | 0.00023 | HHRAP Table C-1-2
produce
Consumption
CR rate: protected kehke-day | 00061 | 0.0015
e Fw
produce
Exposure time EPA. 1997. Exposure Factors
ET, factor for outdoor unitless 0.06 023 Handbook, EPA/600/P-95/002Fa. Office

exposure to
ROPCs in soil

of Research and Development, US
Environmental Protection Agency,
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Table 7-3 Resident Exposure Parameters
Parameter Description Units Adult Child Source or Reference
Exposure time Washington, DC, USA.(Table 15-176;
factor for indoor ) 1.5 hr/day outdoor occupancy [adult],
ETy exposure to unitless 0.94 0.77 5.6 hr/day (wt. ave.) outdoor occupancy
ROPCs in soil [child])
Nursing Infant Exposure Parameters
EDppy | iPOSUIE yr na 1 HHRAP Table C-3-2
duration
Maternal
EDermal . yr 30 na HHRAP Table C-3-1
exposure duration
Ingestion rate:
IR ik breast milk L/day na 0.688 HHRAP Table C-3-2
CCN 063806, EPA to WTP Regarding
Infant Body Weight, E-mail
. communication from Marcia Bailey, US
BWiw | Body weight kg na 7.2 Environmental Protection Agency
Region 10, to Sharon Robers, SAIC, 31
October 2002 (2:26 p.m.).
ATt Averaglp g time yr na 1 HHRAP Table C-3-2
for carcinogens

na = not applicable

HHRAP:

EPA. 2005. Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities, EPA/530/R-
05/006, US Environmental Protection Agency, Washington, DC.
(http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm).
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Table 7-4 Resident Subsistence Farmer Exposure Parameters
Parameter Description Units Adult Child Source or Reference
EF Exposure days/yr 350 350 HHRAP Tables C-1-7 and C-1-8
frequency
ED Exposure duration yr 40 6 HHRAP Tables C-1-7 and C-1-8
ET Exposure time hr/day 24 24 Assumed (conservative) value
BW Body weight kg 70 15 HHRAP Appendix C
AT, | Averagingtime yr 70 70 | HHRAP Table C-1-7
for carcinogens
Inhalation
Averaging time
ATN inhal for ging yr 40 6
noncarcinogens HHRAP Table C-1-8
Averaging time
ATy for yr 40 6
noncarcinogens
CCN 063805, EPA to WTP Regarding
Exposure Parameters, E-mail
. 3 communication from Cathy Massimino,
IR Inhalation rate m’/hr 0.833 0.417 US Environmental Protection Agency
Region 10, to Sharon Robers, SAIC, 4
September 2002.
CRui ig‘ff“‘o“ ratefor |y o/day | 0.0001 | 0.0002 | HHRAP Table C-1-1
CCN 063807, EPA to WTP Regarding
Exposure Scenarios and Exposure, E-
Ingestion rate for mail communication from Marcia
CRaw drinking water L/day 2 ! Bailey, US Environmental Protection
Agency Region 10, to Sharon Robers,
SAIC, 13 June 2002.
Consumption rate:
CR, aboveground keke-day | 60047 | 0.00113
¢ . Fw
domestic produce
Consumption rate:
CRy; | belowground ke/ ﬁ%day 0.00017 | 0.00028 | HHRAP Table C-1-2
produce
Consumption rate: | kg/kg-day
CRyp protected produce EW 0.00064 | 0.00157
CRasmesic | Consumption rate | kgkg-day | o 55066 | 0.00045 | HHRAP Table C-1-3
fowl domestic chicken Fw
Consumption rate: | kg/kg-day
CRycet beef EW 0.00122 | 0.00075
CRy | COmsumptionrate: | kgke-day | 55055 | 000042 | HHRAP Table C-1-3
pork FwW
CR.,.. Consumption rate: | kg/kg-day 0.00075 | 0.00054
s eggs Fw
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Table 7-4 Resident Subsistence Farmer Exposure Parameters
Parameter Description Units Adult Child Source or Reference
CRyy | Comsumptionrate: | kgkg-day | 61367 | 002268 | HHRAP Table C-1-3
milk FwW
Exposure time
factor for outdoor ) EPA. 1997. Exposure Factors
ET, eXpOSUre to unitless 042 042" | Handbook, EPA/600/P-95/002Fa. Office
ROPCs in soil of Research and Development, US
- Environmental Protection Agency,
Exposure Flme Washington, DC, USA.(Table 15-112,
ET, factor for indoor unitless 0.58 0.58 90th percentile for all, 600 minutes
exposure to outdoor occupancy)
ROPCs in soil
Nursing Infant Exposure Parameters
EDiutun: Exposure duration yr na 1 HHRAP Table C-3-2
ED naternal Mate@al exposure yr 40 na HHRAP Table C-3-1
duration
Ingestion rate:
1R itk breast milk L/day na 0.688 HHRAP Table C-3-2
CCN 063806, EPA to WTP Regarding
Infant Body Weight, E-mail
. communication from Marcia Bailey, US
BWit | Body weight kg ha 7.2 Environmental Protection Agency
Region 10, to Sharon Robers, SAIC, 31
October 2002 (2:26 p.m.).
ATipane Avefagmg time for yr na 1 HHRAP Table C-3-2
carcinogens

na = not applicable

HHRAP:

05/006, US Environmental Protection Agency, Washington, DC.
(http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm).

EPA. 2005. Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities, EPA/530/R-
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Table 7-5 Resident Subsistence Fisher Exposure Parameters
Parameter Description Units Adult Child Source or Reference
EF Exposure days/yr 350 350 HHRAP Tables C-1-7 and C-1-8
frequency
ED Exposure yrs 30 6 HHRAP Tables C-1-7 and C-1-8
duration
ET Exposure time hr/day 24 24 Assumed (conservative) value
BW Body weight kg 70 15 HHRAP Appendix C
ATe | Averaging time yr 70 70 | HHRAP Table C-1-7
for carcinogens
Inhalation
Averaging time
ATN inhal for ging yr 30 6
noncarcinogens HHRAP Table C-1-8
Averaging time
ATy for yr 30 6
noncarcinogens
CCN 063805, EPA to WTP Regarding
Exposure Parameters, E-mail
. 3 communication from Cathy Massimino,
IR Inhalation rate m’/hr 0.833 0.417 US Environmental Protection Agency
Region 10, to Sharon Robers, SAIC, 4
September 2002.
CRui ig‘igle“‘o“ rate for |y oiday | 0.0001 | 0.0002 | HHRAP Table C-1-1
CCN 063807, EPA to WTP Regarding
Exposure Scenarios and Exposure, E-
Ingestion rate for mail communication from Marcia Bailey,
CRav drinking water L/day 2 ! US Environmental Protection Agency
Region 10, to Sharon Robers, SAIC, 13
June 2002.
Consumption
rate:
CR, | aboveground ke/ E%day 0.00032 | 0.00077
domestic
produce
consumption kg/kg-day HHRAP Table C-1-2
CRy, belowground W 0.00014 | 0.00023
produce
Consumption
CR,, | rate: protected | & ﬁ%day 0.00061 | 0.0015
produce
Consumption kg/kg-day
CRgn rate: fish EW 0.00125 | 0.00088 | HHRAP Table C-1-4
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Table 7-5 Resident Subsistence Fisher Exposure Parameters
Parameter Description Units Adult Child Source or Reference
Exposure time
ET, factor for unitless 042 042 EPA. 1997. Exposure Factors Handbook,
outdoor exposure EPA/600/P-95/002Fa. Office of Research
to ROPCs in soil and Development, US Environmental
Exposure time Protection Agency, Washington, DC,
factor for indoor ) USA.(Table 15-112, 90th percentile for
ET; exposure to unitless 0.58 0.58 all, 600 minutes outdoor occupancy)
ROPCs in soil
Nursing Infant Exposure Parameters
ED,, | CXposure yr na 1 HHRAP Table C-3-2
duration
Maternal
ED patermal exposure yr 30 na HHRAP Table C-3-1
duration
Ingestion rate:
1R itk breast milk L/day na 0.688 HHRAP Table C-3-2
CCN 063806, EPA to WTP Regarding
Infant Body Weight, E-mail
. communication from Marcia Bailey, US
BWingun Body weight ke na 72 Environmental Protection Agency
Region 10, to Sharon Robers, SAIC, 31
October 2002 (2:26 p.m.).
AT, e Averaging time yr na 1 HHRAP Table C-3-2

for carcinogens

na = not applicable

HHRAP:

(http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm).

EPA. 2005. Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities, EPA/530/R-
05/006, US Environmental Protection Agency, Washington, DC.
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Table 7-6 DOE Resident Subsistence American Indian Exposure Parameters
Parameter Description Units Adult Child Source or Reference
EF Exposure days/yr 365 365 ﬁppen.dlx D (p. D-296) f,)f EIS-0189
frequency ("continuous occupancy”)
For adults, the equation for HQsn on p.
Q-14 of EIS-0391: Averaging Time
ED Exposure duration yr 70 6 (25,550 days). Per the HHRAP, a
exposure duration of 6 yrs is assumed
for children.
ET Exposure time hr/day 24 24 lippen.dlx D (p. D-296) f')fElS-0189
("continuous occupancy")
ET,, | EXposuretimefor | gy 2 2 Table Q-14 of EIS-0391
sweat lodge
BW Body weight kg 70 16 Table D.2.1.3 of EIS-0189
AT, Averaglpg time yr 70 70 Eqn for. HQsp on p. Q-14 of EIS-0391:
for carcinogens Averaging Time
Duration of WTP operation;
40 yr duration applies to adult
. inhalation and water exposures
Inhalation . . .
Averagine tim (including fish consumption), 70 yr
ATN inhar cragms tme yr 40 6 duration applies to adult soil and
for . . )
. ingestion (excluding fish) related
noncarcinogens . SRR
exposures. Child averaging time is
limited to 6 yrs. See exposure duration
source/reference.
. 3 Table Q-9 of EIS-0391 (adult); Table
IR Inhalation rate m’/hr 0.959 0.625 D.2.1.3 of EIS-0189 (child)
Table Q-10 of E1S-0391 (adult); Table
D.2.1.3 of EIS-0189 (child).
The value in Table Q-10 is a weighted
. Ingestion rate for average for the adult and child.
CRsoi soil kg/day 0.0001 0.0002 Backing out the child consumption rate
in EIS-0189 yields and adult
consumption rate of approximately 100
mg/day.
Ingestion rate for Table J-23 of EIS-0391 (adult); Table
CRav drinking water L/day 4 L3 D.2.1.3 of EIS-0189 (child)
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Table 7-6 DOE Resident Subsistence American Indian Exposure Parameters
Parameter Description Units Adult Child Source or Reference
Table J-23 & Q-10 of E1S-0391: Leafy
vegetable consumption rate (adult).
For the child, assume a daily mass
. ) (vegetable) consumption of 34% of the
Consumption ra.;e. kg/kg-day adult based on comparison of data in
CRu,wild aboveground wild FW 0.0025 0.0038 CSEFH (weighted average
produce .
consumption, mean values, ages 3
through 6) and EFH (weighted average
consumption, mean values, ages 7
through 70).
CR Cl;) nsumptloél rate: kg/kg-day No domestic agriculture consumption
8 abovegroun Fw ) ) reported/available.
domestic produce
CR l(): olnsumptlocril rate: kg/kg-day No belowground agriculture
b crowgroun FWwW i i consumption reported/available.
produce
Table J-23 & Q-10 of EIS-0391: Fruit,
vegetable, and grain consumption rate
(kg/yr) (adult).
For the child, assume a daily mass
CR Consumption rate: | kg/kg-day 0013 0027 (fruit) consumption of 48% of the adult
PP protected produce FW ‘ ‘ based on comparison of data in CSEFH
(weighted average consumption, mean
values, ages 3 through 6) and EFH
(weighted average consumption, mean
values, ages 7 through 70).
CR Consumption rate | kg/kg-day i i No wild fowl consumption
fowl wild fowl FWwW reported/available.
CR gomestic Consumption rate | kg/kg-day No domestic fowl consumption
fowl domestic chicken FW ) ) reported/available.
Table Q-10 of E1S-0391: Meat and
poultry consumption (only a deer
exposure equation is provided in App.
Q so its assumed the rate provided here
is just for game) (adult).
Consumption rate: | kg/kg-day For the child, assume a daily mass
CRgue wild game Fw 0.0060 0.013 (beef) consumption of 48% of the adult
based on comparison of data in CSEFH
(weighted average consumption, mean
values, ages 3 through 6) and EFH
(weighted average consumption, mean
values, ages 7 through 70).
CR Consumption rate: | kg/kg-day i i No organ consumption
game organs | oame organs FW reported/available.
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Table 7-6 DOE Resident Subsistence American Indian Exposure Parameters
Parameter Description Units Adult Child Source or Reference
CR Consumption rate: | kg/kg-day i i No domestic livestock consumption
becf beef Fw reported/available.
CR Consumption rate: | kg/kg-day i i No domestic livestock consumption
pork pork Fw reported/available.
Table J-23 of EIS-0391 (adult).For the
child, assume a daily mass (eggs)
consumption of 67% of the adult based
CR.,.. Consumption rate: | kg/kg-day 0.00074 00022 | Oncomparison of data in CSEFH
s eggs Fw (weighted average consumption, mean
values, ages 3 through 6) and EFH
(weighted average consumption, mean
values, ages 7 through 70).
Table J-23 and Q.2.4.2, 3rd para. of
EIS-0391 (adult).
For the child, assume a daily mass (total
. ) fish) consumption of 26% of the adult
CRgn Consumption rate: | kg/kg-day 0.0088 0.0101 based on comparison of data in CSEFH
fish FWwW . .
(weighted average consumption, mean
values, ages 3 through 6) and EFH
(weighted average consumption, mean
values, ages 7 through 70).
CR Consumption rate: | kg/kg-day i i No organ consumption
fishorgans | fish organs Fw reported/available.
. Consumption rate: | kg/kg-day
CR i milk FW 0 0 Table Q-3 of E1S-0391
Exposure time Table Q-5 of EIS-0391 (note: the E1IS
ET, factor for outdoor unitless 012 012 assumes that for a portion of the time
exposure to the receptor was not present at the
ROPCs in soil location.)
Exposure time
pr, | ftorforindoor e | 0.66 0.66 | Table Q-5 of EIS-0391
exposure to
ROPCs in soil
EFH Tables 6-2 and 6-3, average of
male & female 50th percentile dermal
Dermal Surface 2 surface areas (adults).
SA Area m 1.8 0.76 CSEFH, Table 7-1, mean total body
skin surface area of a 3 to <6 yr. old
(for child).
Volume of Water
Vi used in Sweat L 4 4 Harper & Harris 1997
Lodge
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Table 7-6 DOE Resident Subsistence American Indian Exposure Parameters
Parameter Description Units Adult Child Source or Reference
Diameter of :
D Sweat Lodge m 2 2 Harper & Harris 1997
Temperature of o
Ty Sweat Lodge F 122 122 Table Q-15 of EIS-0391
Nursing Infant Exposure Parameters
Based on CSEFH, Table 15-12, mean
EDiutun: Exposure duration yrs na 1 value rounded to the nearest whole
year.
ED Maternal s 25 na Assume the same as in Harris 2004.
maternal exposure duration y Section 2.2.3, page 15
Ingestion rate: CSEFH, Table 15-1, mean for infants 6-
IR it breast milk L/day na 0.62 12 mos.
. Based on CSEFH, Table 8-1, mean of 6
BWinant Body weight kg na 9.2 to <11 month old infant.
AT Averaging time yrIs na 1 Set to exposure duration.

for carcinogens

na = not applicable

CSEFH:

EPA. 2008. Child-Specific Exposure Factors Handbook, EPA/600/R-06/096F, National Center for Environmental

Assessment, Office of Research and Development, Washington DC, September 2008.

EIS-0391: US Department of Energy. 2012. Final Tank Closure and Waste Management Environmental Impact Statement
Jor the Hanford Site, DOE/EIS-0391, Richland, Washington, November.

EIS-0189: US Department of Energy. 1996. Tank Waste Remediation System, Hanford Site, Richland, Washington, Final

Environmental Impact Statement, DOE/EIS-0189, August.

EFH: EPA. 1997. Exposure Factors Handbook, Final, EPA/600/P-95/002F, US Environmental Protection Agency,
National Center for Environmental Assessment, Office of Research and Development, Washington, DC, August
1997.
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Table 7-7 Alternate Resident Subsistence American Indian Scenario #1
Parameter Description Units Adult Child Source or Reference
EF Exposure days/yr 365 365 | Harris 2004.
frequency
Exposure
. Assumed value (1 day/mon. for
EF ceremony gﬁ;ﬁe;crzriﬁgigs days/yr 12 12 ceremonial activities, see RAWP)
ED Exposure yr 70 6 Harris 2008.
duration
ET Exposure time hr/day 24 24 Harris 2004.
ET Exposure time for hr/day 1 1 Harris 2004.
sweat lodge
. Harris 2004 (adult) and HHRAP 2005
BW Body weight kg 70 15 (child).
AT | Averaging time yr 70 70 | Harris 2008.
for carcinogens
Inhalation .
Averaging time Harris 2008' . . .
ATN inhat for yr 40 6 40 yr duration applies to inhalation and
noncarcinogens water exposures (including fish
Averagin tgim consumption), 70 yr duration applies to
AT f craging time 70 6 soil and ingestion (excluding fish)
N n?)rncarcinogens yr related exposures.
IR Inhalation rate m’/hr 1.04 0.625 Harris 2008.
CRui gfles“o“ rate for |y oday | 0.0004 | 0.0004 | Harris 2008.
Ingestion rate for Harris 2008 (adults only).
CRyw drinkine water L/day 4 2 Child consuption rate assumed half of
& the adult's (see Rudolfi 2007).
Harris 2008 (adults only).
Based on 337 g/day of berries, fruits,
Consumption other vegetation, greens, tea, medicines,
rate: P ke/kg-da spices, honey, sweeteners, seeds, nuts,
CReg wild abO\'/e ound F%N Y1 0.0048 0.016 and grains. Children’s exposure factors
wild %(r) duce are based on CSEFH, 1466 kcal/d diet
P for a 3-5 yr old, shown in Table 6-35,
but scaled from the adult (see Harris
2004, Section 2.3.1).
Consumption
CR rate: kg/kg-day i i No domestic agriculture consumption
a8 aboveground Fw reported/available.
domestic produce
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Table 7-7 Alternate Resident Subsistence American Indian Scenario #1
Parameter Description Units Adult Child Source or Reference
Harris 2008 (adults only).
Consumption Based on 440 g/day of bulbs, tubers, and
rate: P ke/ke-da roots. Children’s exposure factors are
CRy | poloweround Fw | 0.0063 | 0021 | based on CSEFH, 1466 kcal/d dict for a
rodufe 3-5 yr old, shown in Table 6-35, but
P scaled from the adult (see Harris 2004,
Section 2.3.1).
Consumption Specific protected produce values are
] p kg/kg-day not reported; it is assumed aboveground
CR,p rate: protected - - . .
roduce FW consumption rates include protected
p produce.
Harris 2008 (for adults).
Children’s exposure factors are based on
Consumption rate | kg/kg-day CSEFH, 1466 kcal/day diet for a 3-5 yr
CReow wild fowl Fw 0.00089 0.0029 old, shown in Table 6-35, but scaled
from the adult (see Harris 2004, Section
2.3.1).
CR gomestic Consumption rate | kg/kg-day i i No domestic fowl consumption
fowl domestic chicken Fw reported/available.
Harris 2008 (adults only). Per Harris
2008, organ consumption accounts for
10% of the total game consumed, thus,
. 90% is attributed to game meat.
CRgime i?:_sirﬁgt“;?ne ke l;%;/day 0.0016 0.0050 | Children’s exposure factors are based on
' 5 CSEFH, 1466 kcal/d diet for a 3-5 yr
old, shown in Table 6-35, but scaled
from the adult (see Harris 2004, Section
2.3.1).
Harris 2008 (adults only).
Per Harris 2008, organ consumption
accounts for 10% of the total game
Consumption kg/kg-day consumed. Children’s exposure factors
CRgume organs rate: game organs Fw 0.00018 1 0.00056 are based on CSEFH, 1466 kcal/d diet
for a 3-5 yr old, shown in Table 6-35,
but scaled from the adult (see Harris
2004, Section 2.3.1).
CR Consumption kg/kg-day i i No domestic livestock consumption
becf rate: beef FW reported/available.
CR Consumption kg/kg-day i i No domestic livestock consumption
pork rate: pork Fw reported/available.
. Provided in the fowl consumption rate
CRgys Con-sumptlon kg/kg-day - - (Harris 2008). Proportion of diet is not
rate: eggs FwW stated
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Table 7-7 Alternate Resident Subsistence American Indian Scenario #1
Parameter Description Units Adult Child Source or Reference

Harris 2008 (adults only).
Per Harris 2008, organ consumption
accounts for 10% of the total fish

Consumption kg/kg-day consumed. Children’s exposure factors

CReisn rate: fish Fw 0.0080 0.025 are based on CSEFH, 1466 kcal/d diet

for a 3-5 yr old, shown in Table 6-35,
but scaled from the adult (see Harris
2004, Section 2.3.1).
Harris 2008 (adults only).Per Harris
2008, organ consumption accounts for
10% of the total fish consumed.

Consumption kg/kg-day Children’s exposure factors are based on

CResh organs rate: fish organs FWwW 0.00089 0.0027 CSEFH, 1466 kcal/d diet for a 3-5 yr
old, shown in Table 6-35, but scaled
from the adult (see Harris 2004, Section
2.3.1).
. Consumption kg/kg-day . . .
CR ik rate: milk FW - - No milk consumption reported/available.
Exposure time
ET, factor for outdoor unitless 0.5 0.5 Harris 2008.

exposure to

ROPCs in soil

Exposure time

ET; factor for indoor unitless 0.5 0.5 Harris 2008.

exposure to

ROPCs in soil
Harris 2008, Appendix A, Table 3
(adults only).

SA if;;nal Surface m’ 1.8 0.76 CSEFH, Table 7-1, mean total body skin
surface area of a 3 to <6 yr. old (for
child).

Volume of Water
Vi used in Sweat L 4 4 Harper & Harris 1997
Lodge
Diameter of .
D Sweat Lodge m 2 2 Harper & Harris 1997
Temperature of o .
Ty Sweat Lodge F 150 150 Harper & Harris 1997
Nursing Infant Exposure Parameters
Exposure . .
ED;ppant duration yr na 2 Harris 2004. Section 2.2.3, page 15
Maternal . .
ED aternal . yr 25 na Harris 2004. Section 2.2.3, page 15
exposure duration
Ingestion rate: .
IR i breast milk L/day na 0.742 Harper & Harris 1997
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Table 7-7 Alternate Resident Subsistence American Indian Scenario #1

Parameter Description Units Adult Child Source or Reference

BWintane Body weight kg na 9.2

Based on CSEFH, Table 8-1, mean of 6
to <11 month old infant.

AT infant

Averaging time
for carcinogens

yIs na 2 Set to exposure duration.

na = not applicable

CSEFH:

EFH:

HHRAP:

Harper & Harris 1997:

Harris 2004:

Harris 2008:

RIDOLFTI Inc. 2007:

EPA. 2008. Child-Specific Exposure Factors Handbook, EPA/600/R-06/096F, National Center for
Environmental Assessment, Office of Research and Development, Washington DC, September 2008.

EPA. 1997. Exposure Factors Handbook, Final, EPA/600/P-95/002F, US Environmental Protection
Agency, National Center for Environmental Assessment, Office of Research and Development,
Washington, DC, August 1997.

EPA. 2005. Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities,
EPA/530/R-05/006, US Environmental Protection Agency, Washington, DC.
(http://www.epa.gov/epaoswer/hazwaste/combust/risk.htm).

“A Native American Exposure Scenario,” Risk Anal., Volume 17, Issue 6, p 789-[]795.

Harris SG and Harper BL. 2004. Exposure Scenario for CTUIR Traditional Subsistence Lifeways.
Department of Science & Engineering, Confederated Tribes of the Umatilla Indian Reservation,
P.O. Box 638, Pendleton, Oregon 97801.

Harris SG. 2008. Application of the CTUIR Traditional Lifeways Exposure Scenario in Hanford Risk
Assessments, Department of Science & Engineering, Confederated Tribes of the Umatilla Indian
Reservation, P.O. Box 638, Pendleton, Oregon 97801.

RIDOLFI Inc. 2007. Yakama Nation Exposure Scenario for Hanford Site Risk Assessment, Yakama
Nation ERWM Program, September 2007.
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Table 7-8 Alternate Resident Subsistence American Indian Scenario #2
Parameter Description Units Adult Child Source or Reference
EF Exposure days/yr 365 365 | RIDOLFI Inc. 2007.
frequency
ED gl’l‘g:ls:;e yr 70 6 RIDOLFI Inc. 2007.
ET Exposure time hr/day 24 24 RIDOLFI Inc. 2007.
RIDOLFI Inc. 2007.
Exposure fime Used recommended value from report
ET, p rp weat lodac hr/day 7 0.71 which was 7 hour/day for adults, and
or sweatlocg the average reported (5 hrs/week) for
children.
BW Body weight kg 70 16 RIDOLFI Inc. 2007.
ATe Averaging time yr 70 70 | RIDOLFI Inc. 2007.
for carcinogens
i‘?arlzt‘ﬁl“ . RIDOLEI Inc. 2007.
ATy intal fore ging fime yr 40 6 40 yr duration applies to inhalation and
noncarcinogens water exposures (including fish
oS consumption), 70 yr duration applies to
Averaging time . . . .
soil and ingestion (excluding fish)
ATy for yr 70 6 lated
noncarcinogens related exposures.
IR Inhalation rate m’/hr 1.08 0.67 RIDOLFI Inc. 2007.
CRus i‘;ﬁesmn rate for |y iqay | 00002 | 00004 | RIDOLFI Inc. 2007.
CR,, | Mngestionratefor | ), A 4 2 | RIDOLFI Inc. 2007.
drinking water
Consumption RIDOLEI Inc. 2007.
rate: kg/kg-day . .
CRug wild b d FW 0.0069 0.0067 | Table 7 of Ridolfi 2007 provides an
a .;)vegr ou adult value of 1118 g/day summed
wild produce across the categories of wild roots,
stalks/leaves, and vegetables plus an
additional 299 g/day of fruit for a total
Consumption of 1417 g/day. The total for children is
rate: ke/kg-day 314 g/day. Based on Figure 9, the
CR,, aboveground FW 0.0072 0.0070 | average domestic produce (assume
domestic aboveground) consumption constitutes
produce 36% of the produce diet, while average
wild aboveground (stalks, leaves,
berries) and belowground (roots)
Consumption produce consumption constitutes 34%
rate: P kg/kg-day and 31% of the produce diet,
CRy below ground FW 0.0062 0.0060 | respectively. The same diet proportions
produce are assumed for adults and children.
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Alternate Resident Subsistence American Indian Scenario #2

Parameter

Description

Units

Adult

Child

Source or Reference

CR,,

Consumption
rate: protected
produce

kg/kg-day
Fw

Specific protected produce values are
not reported; it is assumed aboveground
consumption rates include protected
produce.

CRfowl

Consumption
rate wild fowl

kg/kg-day
Fw

0.0013

0.0017

CRdomcstic

fowl

Consumption
rate domestic
chicken

kg/kg-day
Fw

0.0020

0.0026

RIDOLFI Inc. 2007.

Table 7 of Ridolfi 2007 provides a
value of 704 g/day for meat
consumption (212 g/day for children).
Page 20 indicates %60 of meat
consumed is domestic. The reference
does not indicate the percentage of meat
from game/livestock verses
wild/domestic fowl. Data from Harris
(2008) indicates poultry is 33% of the
game & fowl diet for adults. EPA data
(EPA/600/R-06/096F, Table 6-35, 1466
kcal/day diet for a 3-5 yr. old) when
proportioned between game and fowl
according to Harris (2008) and scaled
from the adult per Harris (2004), yields
a similar value for the proportion of a
child’s diet that is poultry (~33%). Thus
it is assumed that the receptor diet (for
game & fowl only) is 33% poultry.

CRgamc

Consumption
rate: wild game

kg/kg-day
Fw

0.0027

0.0036

RIDOLFI Inc. 2007.

Table 7 of Ridolfi 2007 provides a
value of 704 g/day for meat
consumption (212 g/day for children).
Page 20 indicates %60 of meat
consumed is domestic. Based on the
assumptions used for poultry
consumption, it is assumed that 67% of
meat consumption is game/livestock

(beef).

CRgamc organs

Consumption
rate: game
organs

kg/kg-day
Fw

No organ consumption
reported/available.
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Table 7-8 Alternate Resident Subsistence American Indian Scenario #2
Parameter Description Units Adult Child Source or Reference
RIDOLFI Inc. 2007.Table 7 of Ridolfi
2007 provides a value of 704 g/day for
meat consumption (212 g/day for
. children). Page 20 indicates %60 of
CRuyeer Consumption ke/kg-day 0.0040 0.0053 | meat consumed is domestic. Based on
rate: beef Fw .
the assumptions used for poultry
consumption, it is assumed that 67% of
meat consumption is game/livestock
(beef).
No distinction made for type of
CR Consumption kg/kg-day i i livestock so beef consumption is
pork rate: pork Fw assumed (no pork consumption
assumed).
Consumption kg/kg-day . .
CR g rate: cggs FW - - Included in the fowl consumption rate
RIDOLFI Inc. 2007.
Consumption kg/kg-day Table 7 of Ridolfi 2007 provides a
CRen rate: fish FwW 0.0074 0.023 value of 519 g/day for adult and 363
g/day for child fish consumption.
CR Consumption kg/kg-day i i No organ consumption
fishorgans | pate: fish organs Fw reported/available.
RIDOLFI Inc. 2007. Assume the milk
Consumption ke/kg-da is from domestic, comercial sources
CRyjic | -0 mﬂi F%v YU 0.017 0.031 | (Adult: 1.2 L/day/ 70 kg = 0.0171
‘ kg/kg-day. Child: 0.5 L/day/ 16 kg =
0.0313 kg/kg-day).
Exposure time
factor for .
ET, outdoor unitless 029 029 RIDOLFI Inc. 2007. Section 3.2.5.1
(assume max of 7 hrs/day)
exposure to
ROPCs in soil
Exposure time RIDOLFI Inc. 2007. Section 3.2.5.1
ET, factor for indoor unitless 071 071 states a maximum of 7. hrs/.day is out
exposure to doors, thus the remaining time is
ROPCs in soil assumed to be indoors.
In the absence of data in RUDOLFI Inc.
Dermal Surfa 2007, use Harris 2008, Appendix A,
SA Af . uriace m’ 1.8 0.76 | Table 3 (adults only). CSEFH,
¢ Table 7-1, mean total body skin surface
area of a 3 to <6 yr. old (for child).
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Table 7-8 Alternate Resident Subsistence American Indian Scenario #2
Parameter Description Units Adult Child Source or Reference
Volume of
Vi Water used in L 4 4 Harper & Harris 1997
Sweat Lodge
Diameter of :
D Sweat Lodge m 2 2 Harper & Harris 1997
Temperature of o .
Ty Sweat Lodge F 150 150 Harper & Harris 1997
Nursing Infant Exposure Parameters
ED. Exposure . na 5 Assume the same as in Harris 2004.
infant duration y Section 2.2.3, page 15.
Maternal Assume the same as in Harris 2004,
ED naternal exposure yr 25 na .
. Section 2.2.3, page 15
duration
Ingestion rate: .
IR ik breast milk L/day na 0.742 Harper & Harris 1997
. Based on CSEFH, Table 8-1, mean of 6
BWintant Body weight kg na 9.2 to <11 month old infant.
AT, ptant Averaging time yr na 2 Set to exposure duration.

for carcinogens

na = not applicable

CSEFH:

EPA. 2008. Child-Specific Exposure Factors Handbook, EP A/600/R-06/096F, National Center for
Environmental Assessment, Office of Research and Development, Washington DC, September 2008.

Harper & Harris 1997: “A Native American Exposure Scenario,” Risk Anal., Volume 17, Issue 6, p 789-795.
RIDOLFI Inc. 2007: ~ RIDOLFI Inc. 2007. Yakama Nation Exposure Scenario for Hanford Site Risk Assessment, Yakama

Nation ERWM Program, September 2007.
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Table 7-9 Modeling Parameters for Estimating Exposure Point Concentrations in Biota for
Human Consumption
Parameter Description Units Value |Reference
General/Global Biota Parameters
Fraction of plant grown on contaminated soil and
ety e pete il vkl i | |1 |
possibilities) eaten by the animal being modeled
Bs Soil bioavailability factor unitless 1 [1]
Metabolism factor for Bis(2-ethylhexyl)phthalate unitless 0.01 [1]
ME Metabolism factor for all other constituents unitless 1 [1]
Beef Parameters
OPforage Quantity of forage eaten by beef cattle per day kg DW plant/day 8.8 [1]
OPgiiage Quantity of silage eaten by beef cattle per day kg DW plant/day 2.5 [1]
OPorain Quantity of grain eaten by beef cattle per day kg DW plant/day | 0.47 [1]
Os Quantity of soil ingested by beef cattle per day kg/day 0.5 [1]
Ba Biotransfer factor for beef day/kg FW tissue | constituent specific
Dairy Parameters
OPforage Quantity of forage eaten by dairy cattle per day kg DW plant/day | 13.2 [1]
OPsitage Quantity of silage eaten by dairy cattle per day kg DW plant/day 4.1 [1]
OPorain Quantity of grain eaten by dairy cattle per day kg DW plant/day 3 [1]
Os Quantity of soil eaten by dairy cattle per day kg/day 0.4 [1]
Ba Biotransfer factor for dairy cattle day/kg FW tissue | constituent specific
Pork Parameters
OPforage Quantity of forage eaten by swine per day kg DW plant/day 0 [1]
OPsitage Quantity of silage eaten by swine per day kg DW plant/day 14 [1]
OPorain Quantity of grain eaten by swine per day kg DW plant/day 33 [1]
Os Quantity of soil eaten by swine per day kg/day 0.37 [1]
Ba Biotransfer factor for swine day/kg FW tissue | constituent specific
Chicken (domestic and wild) Parameters
OPforage Quantity of forage eaten by chicken per day kg DW plant/day [1]
OPsitage Quantity of silage eaten by chicken per day kg DW plant/day [1]
OPorain Quantity of grain eaten by chicken per day kg DW plant/day 0.2 [1]
Os Quantity of soil eaten by chicken per day kg/day 0.022 [1]
Ba Biotransfer factor for chicken day/kg FW tissue | constituent specific
Game Parameters
OPforage Quantity of forage eaten by game per day kg DW plant/day | 1.463 2]
OPsitage Quantity of silage eaten by game per day kg DW plant/day 0 [3]
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Table 7-9 Modeling Parameters for Estimating Exposure Point Concentrations in Biota for
Human Consumption
Parameter Description Units Value |Reference
OPorain Quantity of grain eaten by game per day kg DW plant/day 0 [3]
Os Quantity of soil eaten by game per day kg/day 0 [3]
Ba Biotransfer factor for game day/kg FW tissue | constituent specific
Fish Parameters
Jiipid Fish lipid content unitless 0.07 [1]
OCyy Fraction of organic carbon in bottom sediment unitless 0.04 [1]

[1] EPA. 2005. Human Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities, Final, EPA/530/R-
05/006. September 2005. US Environmental Protection Agency, Washington DC.

[2] Higley, K. A., and R. Kuperman, 1996. “Ecotoxicological benchmarks for radionuclide contaminants at RFETS,
Appendix C,” EAD Argonne National Laboratory Report RF/ER-96-0039. Assumes average for mule deer.

[3] No data available - assumed value
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Table 7-10 Toxicity Surrogates

Constituent Surrogate

Petroleum hydrocarbons The Washington State Model Toxics Control Act
(Ecology 2001) method will be used to calculate
surrogate toxicity values for the inhalation pathway for
hydrocarbons lacking chemical-specific values.

methyl isocyanate (CAS #624-83-9) acrylonitrile (CAS #107-13-1)

and cis-1,3-dichloropropene (CAS #10061-01-5) cis-1,2-dichloroethene (CAS #156-59-2)
trichlorofluoroethane (CAS #27154-33-2) trichlorofluoromethane (CAS #75-69-4)
S-nitroacenaphthene (CAS #602-87-9) Acenaphthene (CAS #83-32-9)

sec-butyl benzene (CAS #135-98-8) tert-butyl benzene (CAS #98-06-6)
dichloropentadiene (CAS #61626-71-9) chlorocyclopentadiene (CAS #41851-50-7)
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Figure 7-1 Exposure Assessment Grids
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1 Figure 7-3 Locations of Potential Human Receptors including Potentially Sensitive Receptors
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1 Figure 7-5 Hanford Site Existing Land Use Map - 1996
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Hanford Site Projected Land Use Map - 2046
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Figure 7-7 Receptor Exposure Timeline
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8 Screening-Level Ecological Risk Assessment

The screening-level ecological risk assessment (SLERA) incorporates four fundamental components of
the ERA process: (1) problem formulation, (2) exposure assessment, (3) effects assessment, and (4) risk
characterization. Selection of COPCs and ROPCs (discussed in Section 4 of this work plan),
quantification of emissions (discussed in Section 5), and dispersion modeling (discussed in Section 6)
feed critical information to this process. The SLERA is intended to meet three goals identified in EPA
draft guidance (SLERAP, EPA 1999): the SLERA (1) provides the maximum, most conservative
exposure estimate, (2) “identifies which pathways are driving risk specific to a COPC and receptor,” and
(3) “allows risk management efforts to be prioritized.” These methods will be used for both the PRA and
the FRA, which will differ in that the PRA will use soil and surface water concentrations modeled from
estimated stack emissions, whereas the FRA will use soil and surface water concentrations that are based
on the results of a performance demonstration test using surrogate waste as well as estimated stack
emissions. The WTP recognizes that there are significant limitations to using a limited performance
demonstration test to predict the ability of the melter offgas systems to control emissions. However,
proven thermal treatment approaches will be used to select test constituents that are representative of the
worst-case constituents and operating conditions so that a conservative estimate of performance is
obtained.

8.1 Problem Formulation

This section of the RAWP focuses on the conceptual exposure model (Section 8.1.1), ecological setting
(Section 8.1.2), ecological receptor identification (Section §8.1.3), and assessment/measurement endpoints
(Section 8.1.4). Each is defined below.

8.1.1  Ecological Conceptual Exposure Model

A conceptual exposure model has been developed that identifies ecological receptors and complete
exposure pathways (i.e., exposure scenarios). The conceptual exposure model is shown as Figure 8-1.
The end product of the conceptual exposure model is the identification of exposure scenarios that are
defined by exposure pathways and potentially exposed populations. The conceptual model was
developed from information obtained from EPA (1999) and Screening Assessment and Requirements for
a Comprehensive Assessment. Columbia River Comprehensive Impact Assessment (DOE-RL 1998).

The conceptual model focuses on identifying complete exposure pathways for potentially exposed
receptor populations. An exposure pathway is the means through which an organism comes in contact
with a chemical or radionuclide in the environment. Exposure pathways are determined by environmental
conditions (such as location of habitat and home ranges as well as wind speed/direction), the potential for
chemical migration among media (such as air, soil, or surface water), and the behavior and diet of
potentially-exposed plant and animal populations. Although several potential pathways may exist, not all
pathways may be complete. For a pathway to be complete, all of the following four factors must exist:

1. asource of COPC or ROPC release into the Hanford Site environment

2. arelease and transport mechanism (such as deposition to soil) that moves the COPC or ROPC from
the source, such as a stack, to other locations in the environment
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3. apoint of contact with a contaminated medium
4. an exposure route to the receptor, such as ingesting or inhaling affected media

These four factors were considered in the conceptual model. The sources of COPC and ROPC release are
the stack and process cell emissions from the WTP (Section 3). Air dispersion (Section 6.1), soil and
surface water accumulation (Sections 6.2 and 6.3, respectively), potential points of contact, and complete
exposure pathways are identified to formulate exposure scenarios that will be the focus of the quantitative
risk assessment.

8.1.2  Ecological Characterization

The ecological setting and habitats at Hanford and offsite locations determine what receptors will be
potentially exposed and the important complete pathways. For example, deserts and water bodies have
different receptors and exposure pathways. The habitats, food webs, and receptors are the same for both
the Hanford Site and offsite locations. The Hanford Site and offsite locations for approximately 100 km
in any direction are located in the shrub-steppe region of the Columbia Basin (Daubenmire 1970). The
shrub-steppe vegetation zone historically included a shrub overstory and an understory of grasses. The
typical plant and animal communities at the Hanford Site and adjacent offsite areas are qualitatively
similar. Populations of disturbance-intolerant native species are likely smaller and populations of
invasive and native species more tolerant of disturbance are likely larger in offsite areas disturbed by
agriculture, grazing, and urbanization. Ecological resources at the Hanford Site are extensive, diverse,
and important, as explained by Neitzel et al. (2005). The Hanford Site, unlike adjacent areas, has not
been farmed or grazed for over 50 years. It has become a refuge for a variety of plant and animal species
(Gray and Rickard 1989), containing one of the largest remaining undisturbed shrub-steppe ecosystems in
Washington State (see Appendix C for a listing of plants and animals observed on the site). About

665 km’ (257 mi’) of undeveloped lands located on site (almost half of the total area of the Hanford Site)
have been designated as ecological study areas or refuges (Figure 8-2).

8.1.2.1 Physiographic Setting

The Hanford Site and adjacent region lie within the Intermountain Semidesert Province (USFS 1994).
This province includes the plains and plateaus of the Columbia-Snake River Plateau and the Wyoming
Basin. The climate is cool, the average temperature being about 50 °F, and semi-arid, with the average
annual precipitation ranging from approximately 6 inches to 20 inches across the province from west to
east. At the Hanford Site, the average annual precipitation totals about 6 inches. This precipitation is
evenly distributed throughout the fall, winter, and spring months, with little precipitation during the
summer months.

The Hanford Site and adjacent region lie within the semi-arid Pasco Basin of the Columbia Plateau in
southeastern Washington State. The Hanford Site occupies an area of approximately 1450 km® (560 mi®)
north of the confluence of the Yakima River with the Columbia River. The Pasco Basin lies within the
southwest corner of the larger Columbia Basin. The Hanford Site occupies approximately one-third of
the land area within the Pasco Basin. The Columbia River flows through the northern part of the Hanford
Site and forms part of the Hanford Site’s eastern boundary after turning south. The Yakima River runs
near the southern boundary. Rattlesnake Mountain, Yakima Ridge, and Umtanum Ridge form the
southwestern and western boundaries of the Hanford Site. The Saddle Mountains form the northern
boundary. Adjoining lands to the west, north, and east are principally range and agricultural land. The
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Hanford Site exhibits low relief, ranging from 120 m above mean sea level (MSL) at the Columbia River
to 230 m MSL in the vicinity of the WTP sites.

The 200 Area and WTP site are located on the Central Plateau. The Central Plateau is characterized by
generally low-relief hills with deeply incised river drainages. Gable Butte and Gable Mountain (small
east to west ridges), located north of the Central Plateau, are characterized by folded layers of rock that
are the high points along the Umtanum anticlinal ridge (Neitzel et al. 2005).

8.1.2.2 Regional Ecology

The region comprising the Hanford Site and offsite locations has been characterized as shrub-steppe. The
National Biological Service has identified native shrub and grassland steppes in Washington and Oregon
as endangered ecosystems (DOE 1999),

Biodiversity in the region is enhanced by the large, relatively undisturbed tract of native shrub-steppe
habitat on the Hanford Site and by the Hanford Reach, a stretch of the Columbia River below the Priest
Rapids Dam (DOE 1999). Additional factors influencing biodiversity include topographic features such
as Rattlesnake Mountain, Gable Butte, Gable Mountain, and the presence of a variety of soils ranging
from sand to silty and sandy loam. Unique terrestrial habitats include basalt outcrops, scarps (cliffs),
scree slopes, and sand dunes. Offsite areas likely have similar unique habitats. Aquatic habitats are
mostly associated with the Columbia River and include open water habitat, wetlands, and riparian areas
(Figure 8-4).

Cold Creek and a tributary, Dry Creek, are ephemeral streams within the Yakima River drainage system
that roughly parallel State Route 240 through the Hanford Site. Both streams drain areas to the west of
Hanford Site. Surface flow, when it occurs, infiltrates and disappears into the surface sediments in the
western portion of the Hanford Site. Rattlesnake Springs, located on the western portion of the Hanford
Site, forms a small surface stream that flows for about 3 km (1.8 mi) before disappearing into the ground
(Figure 8-3).

West Lake is a small saline pond located north of the 200 East Area (Figure 8-2) and is recharged from
groundwater (Neitzel et al. 2005). West Lake has not received direct effluent discharges from any
Hanford Site facilities. This water body is created by an elevated water table within a low surface area
south of Gable Mountain. This artificially elevated water table occurs under much of the Hanford Site,
reflecting the augmented recharge from Hanford Site operations. The water level and size of the lake has
been decreasing over the past several years because of reduced wastewater discharge (Neitzel et al. 2005).

Gable Mountain Pond (also to the north of the 200 East Area but south of West Lake) and the B Pond
System (immediately east of the 200 East Area) received cooling water discharges from several facilities
at the Hanford Site (Rogers and Rickard 1977). These artificial water bodies, formed by the wastewater
discharges from the operation of the separation facilities, were decommissioned and covered with soil.

The 200 Area Treated Effluent Disposal Facility (TEDF) disposal ponds (east of the 200 East Area)
consists of two disposal ponds that receive industrial wastewater permitted in accordance with Ecology’s
State Waste Discharge Permit Program (WAC 173-216). The wastewater evaporates into the air or
percolates into the ground from the disposal ponds (Neitzel et al. 2005).

There are several naturally occurring vernal ponds near Gable Mountain and Gable Butte. These ponds
appear to occur where a depression is present in a relatively shallow buried basalt surface. Water collects
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within the depression over the winter, resulting in a shallow pond that dries during the summer months
(Neitzel et al. 2005).

Vegetation

The Columbia Basin (Daubenmire 1970) is a shrub-steppe ecosystem characterized by bunchgrasses and
sagebrushes (Figure 8-4). This ecosystem is also referred to as high desert, northern desert shrub, or
desert scrub (Franklin and Dyrness 1973). Prior to settlement by western Europeans, the dominant plant
in the area was big sagebrush (Artemisia tridentata) with an understory of perennial bunchgrasses,
especially Sandberg’s bluegrass (Poa sandbergii) and bluebunch wheatgrass (Agropyron spicatum).
Following settlement in the early 1800s, grazing and agriculture disrupted the native vegetation and
opened the way for invasive species such as Russian thistle (Salsola kali) and cheatgrass (Bromus
tectorum). Cheatgrass is now dominant in fields that were cultivated prior to the establishment of the
Hanford Site. Cheatgrass also is well established on rangelands at elevations less than 244 m (800 ft)
(DOE 1999). Establishment of the Hanford Site as a nuclear complex in 1943 resulted in the creation of a
secured area of mostly undeveloped land with scattered, small industrial facilities. Consequently, the
Hanford Site is one of a small number of remaining shrub-steppe tracts in Washington State that is
relatively undisturbed. Wildfire is a common occurrence and can significantly alter the shrub component
of the vegetation. The most recent extensive fire on the Hanford Site was in 2000 and burned over

660 km® (250 mi?).

Trees were planted and irrigated on most of the pre-1943 farms to provide windbreaks and shade. Some
of these trees have persisted and serve as nesting platforms for several species of birds (hawks, owls,
ravens, magpies, and great blue herons) and as night roosts for wintering bald eagles (DOE 1999)
(Figure 8-5).

A total of 727 species representing 90 families of vascular plants are recorded for the Hanford Site
(Neitzel et al. 2005). The dominant plants are big sagebrush, rabbitbrush, cheatgrass, and Sandberg’s
bluegrass, with cheatgrass providing half of the total plant cover on much of the Hanford Site. Cheatgrass
and Russian thistle are annuals introduced to the United States from Eurasia in the late 1800s that invade
disturbed areas. Big sagebrush and bitterbrush (Purshia spp.) are widely spaced and usually provide less
than 20 % canopy cover. Bitterbrush provides important browse for the resident mule deer herd. The
dominant understory plants are grasses, especially cheatgrass, Sandberg’s bluegrass, Indian ricegrass
(Oryzopsis hymenoides), June grass (Koeleria macrantha), and needle-and-thread grass (Stibacomata).

Central Plateau. The Central Plateau and surrounding areas in the Columbia Basin have been identified
as predominantly shrub-steppe (Duranceau 1995). This designation includes communities dominated by
big sagebrush and bitterbrush (Purshia tridentata) with an understory of cheatgrass or Sandberg’s
bluegrass. Past wildfires in the Central Plateau have opened up some areas, creating a mosaic of shrub-
and grass-dominated areas. More than 100 species of plants have been identified on the Central Plateau
(Cushing 1992). Big sagebrush, bitterbrush, cheatgrass, and Sandberg’s bluegrass are common species
within the 200 Area (Neitzel et al. 2005). Cheatgrass provides approximately 50 % of the total plant
cover. Cheatgrass also is common where native plant communities have been disturbed by wildfire or
past construction activities. Three vegetation subtypes occurring in the vicinity of the 200 West Area of
the Central Plateau are sagebrush and Sandberg’s bluegrass, sagebrush and needle-and-thread grass, and
spiny hopsage and Sandberg’s bluegrass.

The WTP site in and immediately surrounding the 200 East Area is approximately 40 % big sagebrush

and rabbitbrush (Figure 8-6). Another 20 % is dominated by Russian thistle, with the remainder being
disturbed vegetation or bare gravel (PNL 1994). Other vegetation in the 200 Area includes introduced
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perennial grasses planted to revegetate and stabilize disturbed areas, such as waste burial grounds.
Introduced perennial grasses (e.g., Siberian wheatgrass [Agropyron sibericum]) have been used
extensively in the Central Plateau to revegetate and stabilize waste burial grounds against wind and water
erosion (DOE 1999). Siberian wheatgrass has proven to be drought tolerant and better adapted to sandy
soils than other cultivars used in Central Plateau revegetation efforts (Stegen 1993; WHC 1993).

Columbia River. The two major vegetation types occurring along the Hanford Reach of the Columbia
River are riparian and upland (NPS 1994). Riparian habitats are found along the shoreline, slack water
and slough areas, and on islands in the river. Riparian vegetation at these locations includes both woody
and herbaceous species maintained by the high water table immediately adjacent to the river. Common
plant species occurring in the riparian zone include water smartweed, sedges, reed canary grass, bulbous
bluegrass, common witchgrass, large barnyard, willow, mulberry, and Siberian elm (Neitzel et al. 2005).
Sensitive habitats within the riparian zone include islands and cobbled shorelines occurring as a narrow
band along the Hanford Reach. Plant species occurring in these areas include perennial,
summer-blooming forbs adapted to seasonal changes in water levels (NPS 1994). Upland habitats along
the Hanford Reach are composed of shrub-steppe vegetation similar to that found on the Central Plateau
(DOE 1999). Sand dunes are often colonized by needle-and-thread grass on the north-facing slopes and a
mixture of shrubs and forbs at the crest (Sackschewsky et al. 1992).

In summary, special topographic features on the Hanford Site include Gable Butte and Gable Mountain
north of the Central Plateau and an extensive series of active sand dunes in the southeast portion of the
area. The dominant plant communities are cheatgrass, sagebrush-bitterbrush and Sandberg’s bluegrass,
sagebrush and cheatgrass, Sandberg’s bluegrass, and riparian plant communities

(Sackschewsky et al. 1992). Depending on the location, many of the terrestrial plants occurring in this
area are the same as those found in the adjacent Columbia River and Columbia Basin. Big sagebrush,
bitterbrush, rabbitbrush, cheatgrass, and Sandberg’s bluegrass are common species in the area just north
of the 300 Area in the southeast corner of the Hanford Site (Neitzel et al. 2005). Common plants growing
in riparian areas along the Columbia River include reed canarygrass, common witchgrass, large barnyard
grass, summer-blooming forbs, sandbar willow, poplar, white mulberry, and Russian olive (NPS 1994).
Vegetation occurring on scree slopes, outcrops, and scarps such as those on Gable Butte and Gable
Mountain is limited to scattered individuals and groups of plants. Plant species include squaw currant,
bluebunch wheatgrass, rock buckwheat, and thyme buckwheat. Rigid sagebrush (Artemesia rigida)
occurs at the Hanford Site only on Gable Mountain and Umtanum Ridge (Downs et al. 1993).

Wildlife

Approximately 300 species of terrestrial vertebrates have been observed at the Hanford Site. This number
includes 46 species of mammals, 246 species of birds, 6 species of amphibians, and 7 species of reptiles
(Neitzel et al. 2005).

Mammals. Large herbivorous mammalian species that are found on the Hanford Site and offsite area
include mule deer and Rocky Mountain elk. Mule deer (Odocoileus hemionus) are most often found near
the Columbia River and use Columbia River islands for fawning and nursery areas. Rocky Mountain elk
(Cervus elaphus) began to appear on the Hanford Site during the early 1970s and are generally restricted
to the FEALE Reserve. Elk frequently move off the reserve to private lands to the north and west,
particularly during late spring, summer, and early fall (Neitzel et al. 2005).

Black-tailed jackrabbits (Lepus californicus) are common on the Hanford Site and offsite area and are

most often found in mature stands of sagebrush. Cottontail rabbits (Sy/vilagus spp.) also are common but
are more closely associated with developed areas. Townsend’s ground squirrels (Spermophilus
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townsendii mollis) occur in colonies of various sizes scattered across the Hanford Site and offsite areas.
The most abundant mammal inhabiting the site is the Great Basin pocket mouse (Perognathus parvus).
This mouse occurs all across the Columbia Basin and on the slopes of the surrounding ridges. Other
small mammals include the western harvest mouse (Reithrodontomys megalotis), grasshopper mouse
(Onychomys leucogaster), deer mouse (Peromyscus maniculatus), house mouse (Mus musculus),
mountain vole (Microtus montanus), sagebrush vole (Lagurus curtatus), brushy-tailed woodrat (Neotoma
cinerea), northern pocket gopher (Thomomys talpoides), vagrant shrew (Sorex vagrans), and Merriam’s
shrew (Sorex merriami) (DOE 1999). In addition to mule deer, mammals occurring primarily in riparian
areas include rodents (muskrat [ Ondatra zibethical); furbearers (mink [Mustela vison], River otter [Lutra
canadensis], weasel [Mustela spp.]); porcupine (Erithizon dorsatum); raccoon (Procyon lotor); and skunk
(Mephitis mephitis) (Neitzel et al. 2005).

Common mammalian predators are the coyote (Canis latrans), bobcat (Lynx rufus), and badger (Taxidea
taxus). These carnivores feed primarily on the several species of small mammals, including the Great
Basin pocket mouse, western harvest mouse, grasshopper mouse, deer mouse, house mouse, Townsend’s
ground squirrel, mountain vole, sagebrush vole, black-tailed jackrabbit, brushy-tailed woodrat, and
northern pocket gopher. Coyotes have been a major predator of Canada goose (Branta canadensis
leucopareia) nests on Columbia River islands, especially upstream from the abandoned Hanford townsite
(DOE 1999). There was a reported sighting of a cougar (£elis concolor) on ALE Reserve by experienced
biologists during the elk relocation effort in March 2000 (Neitzel et al. 2005).

Up to 14 species of bats are known to be or have the potential to be present on or in the vicinity of the
Hanford Site. They include the pallid bat (4dntrozous pallidus), hoary bat (Lasiurus cinereus),
silver-haired bat (Lasionycteris noctivagan), little brown bat (Myotis lucifugus), California brown bat
(Myotis californicus), Yuma brown bat (Myotis yamanensis), and Pacific western big-eared bat (Plecotus
townsendii) (Fitzner and Gray 1991). The pallid bat, which roosts in abandoned buildings, is considered
to be the most abundant. All of these bat species feed on flying insects.

Birds. Nearly 250 species of birds occur on or near the Hanford Site as year-round residents, seasonal
residents, migrants, and accidentals. There are 144 bird species considered common to the Hanford Site
(Neitzel et al. 2005).

Eleven raptors have been documented as nesting on the Hanford Site. These include the northern harrier
(Circus cyaneus), red-tailed hawk (Buteo jamaicensis), Swainson’s hawk (Buteo swainsoni), golden eagle
(Aquila chrysaetos), prairie falcon (Falco mexicanus), American kestrel (Falco sparverius), barn owl
(Tyto alba), great horned owl (Bubo virginianus), long-eared owl (4sio otus), short-eared owl (4sio
flammeus), and burrowing owl (Athene cunicularia) (Fitzner and Gray 1991, Rickard et al. 1988).
Raptors use a variety of habitats for nesting and foraging on the Hanford Site. Nesting habitats include
outcrops, cliffs, trees, marshes, fields, and utility towers. Depending on raptor species, prey may include
small mammals, birds, reptiles (i.e., snakes), and insects.

Great blue herons (4rdea herodias) and black-crowned night herons (Nycticorax nycticorax) are
associated with trees in riparian habitat along the Columbia River and use groves or individual trees for
perching and nesting. On occasion, great blue herons have constructed nests in the large metal powerline
towers that are present on the shores of the Columbia River (Neitzel et al., 2005).

Several songbird species occur in the shrub-steppe vegetation throughout the region. These include the

western meadowlark (Sturnella neglecta), grasshopper sparrow (Ammodramus savannarum), horned lark
(Eremophila alpestris), and sage thrasher (Oreoscoptes montanus) (Downs et al. 1993). The western
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meadowlark and horned lark are the most abundant breeding bird species within the shrub-steppe habitat
(Rickard and Poole 1989). These two species nest on the ground in the open, while other species (such
as sage sparrow, sage thrasher, and loggerhead shrike) require sagebrush or bitterbrush as nesting
structures. Long-billed curlews (Numenius americanus) and vesper sparrows (Pooecetes gramineus) have
also been noted as commonly occurring species in shrub-steppe habitat. Songbird species that occur in
riparian habitats include the red-winged blackbird (4gelaius phoeniceus), American robin (Turdus
migratorius), black-billed magpie (Pica pica), song sparrow (Melospiza melodia), and dark-eyed junco
(Junco hyemalis). Species known or expected to nest in riparian habitat are Brewer’s blackbird
(Euphagus cyanocephalus), mourning dove (Zenaida macroura), black-billed magpie (Pica pica),
northern oriole ({cterus galbula), lazuli bunting (Passerina amoena), eastern kingbird (Tyrannus
tyrannus), western kingbird (Tyrannus verticalis), and western wood peewee (Contopus sordidulus)
(Neitzel et al. 2005).

The Hanford Reach serves as a resting area for neotropical migrant birds, migratory waterfowl, and
shorebirds. The area between the old Hanford townsite and Vernita Bridge is closed to recreational
hunting, and large numbers of migratory waterfowl find refuge in this portion of the river. Other species
observed during this period include American white pelicans (Pelecanus erythrorhynchos), egrets
(Casmerodius albus), doublecrested cormorants (Phalacrocorax auritus), coots (Fulica americana), and
common loons (Gavia immer). Shoreline riparian communities are seasonally important for a variety of
species. Willows trap food for waterfowl (e.g., Canada geese [Branta canadensis]) and birds that use
shoreline habitat (e.g., Forster’s tern [Sterna forsteri]) as well as providing nesting habitat for passerines
(e.g., mourning doves [Zenaida macroura]) (Neitzel et al. 2005).

Common upland game bird species include the chukar partridge (4lectoris chukar), grey partridge (Perdix
perdix), California quail (Callipepla californicus), and Chinese ring-necked pheasant (Phasianus
colchicus). Greater sage grouse (Centrocercus urophasianus) and scaled quail (Callipepla squamata) are
less common and are rarely seen. Greater sage grouse were observed on ALE Reserve during 1999 and
2000; however, a fire in 2000 destroyed potential greater sage grouse habitat, and it is unlikely that
greater sage grouse will return in numbers until the vegetation has recovered to a point where it can
support them (Neitzel et al. 2005). None of the upland birds are native to the area except the sage grouse.

Reptiles and Amphibians. Seven species of reptiles and six species of amphibians are found at the
Hanford Site. The side-blotched lizard (Uta stansburiana) is the most abundant reptile

(Neitzel et al. 2005). The short-horned lizard (Phrynosoma douglassii) and northern sagebrush lizard
(Sceloporous graciosus) are also common in mature sagebrush habitats with sandy soil. Commonly
encountered snakes include the gopher snake (Pituophis melanoleucus), yellow-bellied racer (Coluber
constrictor), and western rattlesnake (Crofalus viridis). Less common is the striped whipsnake
(Masticophis taeniatus). Amphibians on the Hanford Site are associated with riparian habitats located
along the Columbia River or other permanent water bodies (Fitzner and Gray 1991). Species include the
Great Basin spadefoot toad (Spea intermontana), western toad (Bufo boreas), Woodhouses toad (Bufo
woodhouseii), the Pacific tree frog (Hyla regilla), tiger salamander (Ambystoma tigrinum), and bullfrog
(Rana catesbeiana) (Neitzel et al. 2005). These reptiles and amphibians also occur at offsite locations.

Terrestrial Invertebrates. Most of the terrestrial invertebrate species on the Hanford Site and offsite
locations are insects and spiders. Butterflies, grasshoppers, and darkling beetles represent some of the
more conspicuous insect groups. The populations of all three of these species of insects are subject to
seasonal changes and weather variations (Rogers and Rickard 1977). Many of the insect species are
important in the food web of birds and mammals found on the Hanford Site. Species like the darkling
beetle play an important role in the decomposition process by feeding on decaying plant material, animal
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feces, fungi, and live plant tissue (Weiss and Mitchell 1992). Spiders are also abundant, especially in the
riparian and shrub-steppe habitat (DOE 2001).

The Nature Conservancy has identified nearly 1680 species of insects on the Hanford Site

(Evans et al. 2003). A collection of 12,000 specimens in 2003 resulted in the identification of 376 taxa
and an estimated 150-200 new findings in the state of Washington, 46 from Hanford studies conducted
over the last decade. Numerous species not previously collected at Hanford, especially in the orders
Trichoptera (caddisflies) and Lepidoptera (moths), have been added to the invertebrate fauna of the
Hanford Site. The actual number of insect species occurring on the Hanford Site may reach as high as
15,500 (Neitzel et al. 2005).

Distribution of Wildlife. Because the habitats of the Central Plateau are considerably different from
those near the Columbia River, terrestrial animals are described separately for those locations in the
following paragraphs.

Central Plateau: A characterization study of small mammals performed south of the 200 East Area
resulted in the trapping of the following five species: the Great Basin pocket mouse, deer mouse, northern
grasshopper mouse, sagebrush vole, and western harvest mouse (Rogers and Rickard 1977). The Great
Basin pocket mouse represented more than 90 % of the individuals caught. Medium- and large-size
mammals that may occur in the Central Plateau include rabbits, coyotes, badgers, and mule deer (Rogers
and Rickard 1977). Some of these organisms are receptors in the SLERA. Other mammals potentially
using areas associated with ponds and ditches in the 200 Area include muskrats, porcupines, and raccoons
(DOE 1999). Many common bird species, such as the western meadowlark and sage sparrow, are likely
to occur on the Central Plateau where suitable habitats exist. Thirty-seven species of terrestrial birds were
recorded during surveys conducted in the 200 Area in 1986 (Schuler et al. 1993).

Unique habitats can be found on Gable Butte and Gable Mountain situated north of the Central Plateau.
These unique habitats include basalt outcrops, scarps, and scree slopes. Birds likely to occur in these
habitats are the prairie falcon, rock wren, poorwill, and chukar; small mammals include the yellow-bellied
marmot and wood rat; reptiles include rattlesnakes, gopher snakes, and horned lizards

(Downs et al. 1993).

Columbia River: Terrestrial wildlife species use both shoreline riparian and shrub-steppe habitats
occurring along the Columbia River and on the islands. Wildlife reported to use the Hanford Reach
includes 184 species of birds, 36 species of mammals, 9 species of reptiles, and 4 species of amphibians
(NPS 1994). The Canada goose uses islands along the Hanford Reach extensively for nesting.
Monitoring of nesting geese that use the Hanford Site has been ongoing since 1950. These studies
indicate that Canada geese nest more frequently on islands in the downstream reach because of heavy
predation by coyotes further upstream (Neitzel et al. 2005). Mule deer use the islands and other riparian
areas for fawning habitat. Wildlife occurring in shoreline habitat includes 46 species that use willow
communities and 49 species that use grass areas (NPS 1994),

The Hanford Reach begins at the foot of Priest Rapids Dam in the northwest portion of the area within a
50-km radius of the WTP stacks. It extends through the Hanford Reservation to the reservoir of McNary
Dam, just north of the city of Richland. The Hanford Reach includes a variety of habitat types, including
those also found outside the Hanford Reach but within the 50 km radius. Therefore, biota in and outside
of the Hanford Reach are expected to be similar. Evaluating risks wherever the concentration in the
Columbia River is highest helps ensure that biota in the 50 km radius are protected.
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8.1.2.3  Aquatic Ecosystems

Washington State has classified the stretch of the Columbia River that includes the Hanford Reach as
Class A, Excellent (Neitzel et al. 2005). Class A waters must be suitable for essentially all uses,
including raw drinking water, recreation, and wildlife habitat. Water from the Columbia River is used for
both irrigation and municipal water supplies. Federal and state drinking water quality standards apply to
the Columbia (Neitzel et al. 2005). Water samples from the Columbia River and three ponds on the
Hanford Site are routinely collected and analyzed.

The Columbia River supports an ecosystem of plankton, benthic invertebrates, fish, and other
communities. Algae are abundant in the river and provide food for herbivores, such as immature insects,
which are then eaten by carnivorous species, such as bass. Aquatic plants in the Hanford Reach include
water milfoil, waterweed, pondweed, Columbia yellowcress, watercress, and duckweed. Water milfoil is
an aggressive, introduced aquatic plant and is becoming a nuisance in the river. Other aquatic species
found in the Hanford Reach include microflora, zooplankton, and benthic invertebrates. Microflora
include both sessile types (periphyton) and free-floating types (phytoplankton). Microflora species
include diatoms, golden or yellow-brown algae, green algae, blue-green algae, red algae, and
dinoflagellates. Dominant zooplankton taxa include Bosmina, Diaptomus, and Cyclops. Benthic
invertebrate taxa occurring in the Hanford Reach include insect larvae such as caddisflies (Trichoptera),
midge flies (Chironomidae), and black flies (Simuliidae); clams (Corbicula spp., Anodontia spp.), snails
(Physa spp.), freshwater sponges (Spongilla spp.), limpets (Fisherola spp.), and crayfish (Astacus
trowbridgii) are also present (Neitzel et al. 2005).

The Hanford Reach and adjacent reaches of the Columbia River support over 40 species of fish. The
anadromous chinook salmon (Oncorhynchus tshawytscha), sockeye salmon (Oncorhynchus nerka), coho
salmon (Oncorhynchus kisutch), and steelhead trout (Oncorhynchus mykiss) use the river to migrate to
and from upstream spawning areas. Chinook salmon and steelhead trout also spawn in the Hanford
Reach in the fall (Figure 8-7). Shad (4/osa sapidissima) may also spawn in this stretch of river.
Mountain whitefish (Prosopium williamsoni), white sturgeon (Acipenser transmontanus), smallmouth
bass (Micropterus dolomieui), crappie (Pomoxis nigromaculatus), catfish (Ictalurus punctatus), walleye
(Stizostedion vitreum), and yellow perch (Perca flavescens) are important game fish to sport fisherman
and American Indians. A healthy rough fish population includes carp (Cyprinus carpio), redside shiner
(Richardsonius balteatus), suckers (Catostomus macrocheilus), and northern squawfish (Ptychocheilus
oregonensis) (Neitzel et al. 2005).

West Lake, near the 200 Area, is created by a rise in the water table under the Central Plateau and is not
fed by surface flow. This results in the pond being highly saline, as well as alkaline, and having low
species diversity (DOE 1999). West Lake, located southwest of Gable Mountain, fluctuates in size with
changes in the water table. The water level and size of the lake have been decreasing over the past
several years because of reduced wastewater discharge (Neitzel et al. 2005). Unlike other ponds on the
Hanford Site, West Lake does not receive direct effluent discharges from Hanford Site facilities

(PNL 1993). Wetland vegetation found at West Lake is limited to scattered patches of emergent
macrophytes, such as cattails and bulrushes. No jurisdictional wetland has been identified at West Lake.

Other wetland habitats found on the Hanford Site are associated with man-made ponds and ditches
occurring on the Hanford Site, including a small cooling and wastewater pond in the 400 Area and the
gravel pit converted to wetland at the 100-B Area. These artificial water bodies, formed by the
wastewater discharges from the operation of the separation facilities, no longer receive discharges.

Page 8-9



0~ bW

Ne

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

24590-WTP-RPT-ENV-14-002, Rev 0
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

8.1.24 Threatened and Endangered Species

Species of concern on the Hanford Site and offsite locations include federally listed threatened and
endangered (T&E) species, state-listed T&E species, state-listed candidate species, state-listed plant
species of concern, and species of ethnobiological concern to American Indians. There are no federal- or
state-listed endangered or threatened mammals, reptiles, amphibians, or invertebrates on the Hanford Site,
but there are three species of fish, four species of birds, and thirteen species of plants listed as threatened
or endangered by either the state or federal governments (PNNL 2010). Table 8-1 summarizes the
endangered, threatened, candidate, and species of concern found at the Hanford Site.

The federal species of concern bald eagle (Haliacetus leucocephalus) is found regularly along the
Hanford Reach. The anadromous chinook salmon (Oncorhynchus tshawytscha) and the steelhead
(Oncorhynchus mykiss) species are regulated as evolutionarily significant units (ESUs) by the National
Oceanic and Atmospheric Administration (NOAA) Fisheries Service, based on historical geographic
spawning areas. One ESU of the chinook salmon, the Upper Columbia River spring-run ESU, is listed as
endangered (Federal Register 1999 [64 FR 14308]). The Middle Columbia River steelhead ESU is listed
as threatened (Federal Register 1999 [64 FR 14517]). The Upper Columbia River ESU is the portion of
the Columbia River between the US-Canada border and the Yakima River, and it includes the Hanford
Reach. One additional threatened fish species (bull trout) has been recorded on the Hanford Site but is
believed to be transient (Neitzel et al. 2005).

Washington State lists the American white pelican (Pelecanus erythrorhynchos) and sandhill crane (Grus
canadensis) as endangered, and the ferruginous hawk (Buteo regalis) and greater sage grouse
(Centrocercus urophasianus) as threatened. The bald eagle (Haliaeetus leucocephalus), the peregrine
falcon (Falco peregrinus), and the common loon (Gavia immer) are listed as sensitive. The American
white pelican is a year-round resident (DOE 2001), the sandhill crane is a rare fall and spring visitor
(DOE 2001), and the ferruginous hawk is a breeding resident. The bald eagle is a regular winter
resident along the Columbia River (Neitzel et al. 2005). The peregrine falcon is a casual migrant to the
Hanford Site between November and January (DOE 2001). The common loon is present year-round
(DOE 2001); the temporal habits of the rarely seen greater sage grouse on the Hanford Site are not
known (WHC 1992a).

Thirteen species of plants listed by Washington State as T&E are found on the Hanford Site. Two are
listed as endangered: Columbia yellowcress (Rorippa columbiae) and Umtanum desert buckwheat
(Erigonium codium); eleven plant species are listed as threatened: awned halfchaff sedge (Lipocarpha

(= Hemicarpha) aristulata), chaffweed (4dnagallis (= Centunculus) minimus), desert dodder (Cuscuta
denticulate), Geyer’s milkvetch (4stragalus geyeri), grand redstem (Admmannia robusta), Great Basin
gilia (Gilia leptomeria), loeflingia (Loeflingia squarrosa var. squarrosa), lowland toothcup (Rotala
ramosior), rosy pussypaws (Calyptridium roseum), White Bluffs bladderpod (Lesquerella tuplashensis),
and white eatonella (Eatonella nivea). The awned halfchaff sedge, chaffweed, Columbia yellowcress,
grand redstem, and lowland toothcup are restricted to wetlands in the riparian zone of the Columbia
River. Other plant species, such as Great Basin gilia, loeflingia, and rosy pussypaws, are small annuals
that have been found in relatively undisturbed sagebrush areas in the vicinity of Gable Mountain. The
Great Basin gilia has been identified within the Hanford Reach National Monument. The remaining three
state threatened-plant species (Geyer’s milkvetch, white eatonella, and desert dodder) have been found at
various sites on the Wahluke slope. Two species of plants are candidates for federal protection: the
Umtanum desert buckwheat, which occurs in several small, highly localized populations on Umtanum
Ridge, and the White Bluffs bladderpod, which occurs on the White Bluffs (Neitzel et al. 2005).
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Wildlife state-listed candidate species observed or considered likely to be found on or near the Central
Plateau include the sage sparrow (Amphispiza belli) and the loggerhead shrike (Lanius ludovicianus).
Both of these birds commonly nest in undisturbed shrub-steppe habitat. The sage sparrow is one of the
most common nesting birds on the Hanford Site (Downs et al. 1993). Other state-listed candidate bird
species that may be found include the burrowing owl (Athene cunicularia), golden eagle (Aquila
chrysaetos), sage thrasher (Oreoscoptes montanus), and merlin (Falco columbarius) (Neitzel et al. 2005).
Another state-listed candidate species of concern inhabiting the Central Plateau and vicinity is the striped
whipsnake (Mastocophis taeniatus).

Central Plateau. No federally or state-listed T&E plant or animal species occur in the Central Plateau
(DOE 1999). Several state-listed plant species are found on the Central Plateau.

Wildlife species of state concern occurring in the 200 Area include the loggerhead shrike and sage
sparrow. Both species nest in undisturbed sagebrush habitat in the Central Plateau (PNL 1993). Other
listed T&E bird species that may occur in shrub-steppe habitat in the Central Plateau are the burrowing
owl and golden eagle. Reptile species of concern using the Central Plateau include the striped whipsnake
(Masticophis taeniatus) (Rogers and Rickard 1977, Neitzel et al. 2005).

Columbia River. No federally listed T&E plant species occur on the Hanford Reach (DOE 1999).
State-listed endangered plant species occurring along the Hanford Reach include the Columbia
yellowcress. Preferred habitat for persistent sepal yellowcress is shoreline areas with gently sloping,
cobbly substrate (PNL 1993). State-listed plant species of concern have been found along the shoreline
and on islands of the Hanford Reach between the Vernita Bridge and the 300 Area, including the southern
mudwort, dense sedge, and shining flatsedge (WHC 1992b).

State-listed endangered bird species that occur along the Hanford Reach that are considered relatively
common include the American white pelican (Pelecanus erythrorhynchos) and sandhill crane.
State-listed sensitive species include the common loon (Gavia immer), the peregrine falcon, and the bald
eagle. The common loon is found within the Hanford Reach. The peregrine falcon is an incidental
migrant on the Hanford Site (Neitzel et al. 2005). The bald eagle is a relatively common winter resident
along the Hanford Reach that occasionally attempts to nest on the Hanford Site. However, bald eagles
have never successfully nested on the Hanford Site (Neitzel et al. 2005).

Of the three federally listed fish species, only the upper Columbia River steelhead trout spawns in the
Hanford Reach. Upper Columbia River spring Chinook salmon adults pass through the Hanford Reach
while migrating to spawning grounds, and the juveniles use the Hanford Reach as a nursery area while
they migrate toward the ocean. The bull trout, which primarily inhabits smaller streams at higher
elevations, has been observed in the Hanford Reach on very rare occasions, usually associated with the
spring freshets. Bull trout are not considered to be residents of the Hanford Site (Neitzel et al. 2005).

8.1.2.5 Sensitive Environments

Sensitive habitats on the Hanford Site include shrub-steppe, and wetlands and riparian habitats

(Table 8-1). Shrub-steppe ecosystems are typified by a shrub overstory and a grass and forb understory.
Lichens and mosses, often times referred to as “microbiotic or cryptogamic crust,” provide a
soil-stabilizing growth on undisturbed soils in the shrub-steppe ecosystem. The dominant vascular plants
in the area are big sagebrush, underlain by perennial bunchgrasses and forbs. Over 700 species
representing 90 families of vascular plants are recorded for the Hanford Site (Neitzel et al. 2005).
Wetlands include those transitional lands occurring between terrestrial and aquatic ecosystems where the
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water table is usually close to the surface or where shallow water covers the surface

(Cowardin et al. 1979). The primary wetlands found on site occur along the Hanford Reach of the
Columbia River and include the riparian habitats located along the river shoreline. Other wetland habitats
found on the Hanford Site are associated with man-made ponds and ditches. The variety of habitat on the
Hanford Site creates special ecological areas. For example, the Hanford Site includes nesting sites for
bird species of concern, salmon and steelhead spawning areas, riparian habitat, and part of the largest
remaining tract of shrub-steppe habitat in the Columbia Basin (DOE 1999).

There are also special ecological areas outside the Hanford Site but within the area included in deposition
modeling. These include the Columbia National Wildlife Refuge, which extends from approximately

30 km to approximately 50 km north of the WTP, and habitats classified as priority habitats by the state
of Washington. Priority habitats near the Hanford Site include in-stream and riparian habitats on the
Columbia and Yakima rivers, Crab Creek, and shrub-steppe habitat types surrounding the Hanford Site.

The SLERA will implicitly include the special ecological areas because it will use the maximum soil or
sediment and water concentrations either within the Hanford Site or the adjacent offsite area and because
it will assume that all representative ecological receptors are present at each of the maximum deposition
locations regardless of habitat. Therefore, ecological receptors within the special ecological areas outside
the Hanford Site will have lower exposures than the receptors evaluated in the SLERA.

8.1.3  Receptor Identification

The receptors present in the ecological setting and habitats at Hanford and offsite locations will be
exposed by routes that are defined by how the receptors live and what they eat. Food webs represent the
transfer of matter among the components of an ecosystem. This transfer occurs through the uptake and
absorption of substances from abiotic media or consumption of animal and plant tissue. Figure 8-8 shows
the food web representing the terrestrial organisms and their general trophic relationships. Figure 8-9
shows the food web representing the aquatic organisms and their general trophic relationships. The food
webs highlight the selected terrestrial receptors (Figure 8-8) and also aquatic receptors (Figure 8-9).

8.1.3.1 Terrestrial Receptors

Figure 8-8 presents a simplified food web for selected terrestrial receptors. The receptors selected for use
in the SLERA and their trophic levels are shown in bold in the figure:

e Plants (Trophic Level 1): cheatgrass, rabbitbrush

e Terrestrial invertebrates (Trophic Level 2): earthworms, darkling beetles
e Herbivorous mammals (Trophic Level 2): mule deer

e Herbivorous birds (Trophic Level 2): mourning dove

e Omnivorous mammals (Trophic Level 3): Great Basin pocket mouse

e Omnivorous birds (Trophic Level 3): western meadowlark

e Carnivorous mammals (Trophic Level 4): coyote

e Carnivorous birds (Trophic Level 4): burrowing owl, red-tailed hawk

The reasons for selecting the representative receptors are given below. The conservative approach is to
assume receptors are exposed to air, soil concentrations, and terrestrial plants at the onsite ground
maximum, but are only exposed to water at the Columbia River maximum.
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Terrestrial Plants. Terrestrial plants are essential to the function of any terrestrial ecosystem and are a
major route of entry of contaminants into the food web; therefore, terrestrial plant populations will be
evaluated in the SLERA. Terrestrial plants are assumed to be exposed to the onsite ground maximum by
direct uptake of COPCs in volatile emissions, uptake of COPCs and ROPCs deposited on leaf surfaces,
root uptake from soil, external exposure to radionuclides in soil, and external exposure to radionuclides in
soil and air.,

Terrestrial Invertebrates. Terrestrial invertebrates are essential to the function of any terrestrial
ecosystem and are a major route of entry of contaminants into the food web. The number of earthworms
at the Hanford Site is expected to be low because of the aridity of most of the habitat. However, there are
more data available to evaluate exposure of earthworms than there is for other terrestrial invertebrates.
Therefore, earthworm populations will be evaluated as representatives of terrestrial invertebrates in the
SLERA. Earthworms are assumed to be exposed to the onsite ground maximum by uptake of COPCs and
ROPCs deposited on soil and by external exposure to ROPCs in soil and air. There are no uptake factors
for transfer of COPCs from air to terrestrial invertebrates that are separate from the experimental soil
exposures used to derive the uptake factors.

Mule Deer. Mule deer populations are evaluated as representative of herbivorous mammals that
consume vegetation contaminated by COPCs and ROPCs. Mule deer are assumed to be exposed by
ingestion of COPCs and ROPCs deposited on soil, by ingestion of plants containing COPCs and ROPCs
taken up from soil, by ingestion of surface water containing COPCs and ROPCs, and by external
radiation from soil and air. The predominant diet of the mule deer is browse.

Mourning Dove. Mourning dove populations are evaluated as representative of herbivorous birds that
consume vegetation contaminated by COPCs and ROPCs. The mourning dove is assumed to be exposed
by ingestion of COPCs and ROPCs deposited on soil, by ingestion of plants (mainly grass seeds)
containing COPCs and ROPCs taken up from soil, by ingestion of surface water containing COPCs and
ROPCs, and by external radiation from soil and air.

Great Basin Pocket Mouse. Great Basin pocket mouse populations are evaluated as representative of
omnivorous mammals. The Great Basin pocket mouse is assumed to be exposed by ingestion of COPCs
and ROPCs deposited on soil, by ingestion of plants (mainly grass seeds) and terrestrial invertebrates
containing COPCs and ROPCs taken up from soil, and by external radiation from soil and air. The mouse
is assumed to get its water through food sources and thus ingestion of surface water containing COPCs
and ROPCs is not applicable for the mouse.

Western Meadowlark. Western meadowlark populations are evaluated as representative of omnivorous
birds. The meadowlark is assumed to be exposed by ingestion of COPCs and ROPCs deposited on soil,
by ingestion of plants (mainly grass seeds) and terrestrial invertebrates containing COPCs and ROPCs
taken up from soil, by ingestion of surface water containing COPCs and ROPCs, and by external
radiation from soil and air.

Coyote. Coyote populations are evaluated as representative of carnivorous mammals. The coyote is
assumed to be exposed by ingestion of COPCs and ROPCs deposited on soil, by ingestion of small
mammals and birds containing COPCs and ROPCs taken up from soil, by ingestion of surface water
containing COPCs and ROPCs, and by external radiation from soil and air.

Burrowing Owl. Burrowing owl populations are evaluated as representative of carnivorous birds. The
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burrowing owl is assumed to be exposed by ingestion of COPCs and ROPCs deposited on soil, by
ingestion of small mammals and birds containing COPCs and ROPCs taken up from soil, by ingestion of
surface water containing COPCs and ROPCs, and by external radiation from soil and air.

Red-Tailed Hawk. Red-tailed hawks are evaluated as representative of federal- and state-listed
carnivorous birds of special interest, although the bird itself is not a federal- or state-listed species. The
red-tailed hawk is assumed to be exposed by ingestion of small mammals and birds containing COPCs
and ROPCs taken up from soil, by ingestion of surface water containing COPCs and ROPCs, and by
external radiation from soil and air.

8.1.3.2  Aquatic Receptors

Figure 8-9 presents a simplified food web of selected aquatic receptors. The receptors selected for use in
the SLERA are shown in bold on the figure and are listed below:

e Plants (Trophic Level 1): aquatic plants and plants rooted in sediment
e Benthic invertebrates (Trophic Level 2): sediment-dwelling clams and insects

e Aquatic organisms, fish, and other aquatic biota (Trophic Levels 2 through 4): bass, salmon, channel
catfish, water fleas, other invertebrates

e Herbivorous waterfowl (Trophic Level 2): Canada goose
e Shorebirds (Trophic Level 3): spotted sandpiper
e Piscivorous birds (Trophic Level 4): great blue heron, bald eagle

e Piscivorous mammals (Trophic Level 4): mink

The reasons for selecting the representative receptors are given below. The conservative approach taken
is to assume receptors are exposed to water, sediment concentrations, and aquatic plants at the Columbia
River maximum, but air concentrations from the onsite maximum.

Aquatic Plants. Aquatic plants are important to the function of an aquatic ecosystem. Plankton, floating
plants, and emergent plants contribute to the base of the food web. However, because of the lack of
toxicity information, their risk is not quantified. They are handled as ingestion exposure to aquatic
herbivores and omnivores.

Benthic Invertebrates. Benthic invertebrates are essential for the functioning of an aquatic ecosystem
and are a major route of entry of contaminants into aquatic food webs. Therefore, benthic invertebrates
will be evaluated in the SLERA. Benthic invertebrates are likely to be present in the Columbia River at
the location of maximum deposition of COPCs and ROPCs. Benthic invertebrates are assumed to be
exposed by uptake from sediment and by external radiation from water and sediment.

Aquatic Biota. Aquatic biota are essential for the functioning of an aquatic ecosystem and are a major
route of entry of contaminants into aquatic food webs. Therefore, aquatic biota populations will be
evaluated in the SLERA. Aquatic biota are likely to be present in the Columbia River at the location of
maximum deposition of COPCs and ROPCs. Aquatic biota are assumed to be exposed by uptake from
surface water, ingestion of food containing COPCs and ROPCs taken up from water, and by external
radiation from water and sediment.

Salmonids. Chinook salmon and steelhead trout populations in the Hanford Reach of the Columbia
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River have been designated ESUs (Neitzel et al. 2005). Therefore, special care must be taken to prevent
harm to these salmonids. Salmonids are also fish species of special interest because of their economic
and recreational importance and, as carnivorous fish, they are at the top of aquatic food webs. Salmonids
are also of particular cultural importance to the American Indian tribes, whose way of life has inextricably
included salmon and trout as food throughout their history. Therefore, salmonid populations will be
evaluated in the SLERA. Salmonids are likely to be present in the Columbia River at the location of
maximum deposition of COPCs and ROPCs. Salmonids are assumed to be exposed by uptake from
surface water, ingestion of food containing COPCs and ROPCs taken up from water, and by external
radiation from water and sediment.

Canada Goose. Canada goose populations are evaluated as representative of herbivorous birds that
consume vegetation contaminated by COPCs and ROPCs from water. Because the Canada goose is a
year-round resident at the Hanford Site (DOE 2001), it could be expected to spend its life at the location
of maximum deposition of COPCs and ROPCs. The Canada goose is assumed to be exposed by uptake
from ingested surface water and sediment, ingestion of vegetation that contains COPCs and ROPCs taken
up from sediment and water, and external radiation from water and air.

Spotted Sandpiper. Spotted sandpiper populations are evaluated as representative of carnivorous birds
that consume benthic invertebrates contaminated by COPCs and ROPCs from near-shore sediment. The
spotted sandpiper resides along the shores of the Columbia River, where it preys on aquatic and terrestrial
invertebrates and small fish. It represents the group of carnivorous shorebirds that are exposed to
contaminants in aquatic biota, benthic organisms, and water. The spotted sandpiper could be expected to
spend its life at the location of maximum deposition of COPCs and ROPCs. The spotted sandpiper is
assumed to be exposed by uptake from ingested surface water and sediment, ingestion of benthic
invertebrates that contain COPCs and ROPCs taken up from sediment, and external radiation from water
and air.

Great Blue Heron. Great blue heron populations are evaluated as representative of carnivorous birds
that consume small fish contaminated by COPCs and ROPCs from water. The great blue heron could be
expected to spend its life at the location of maximum deposition of COPCs and ROPCs. The great blue
heron is assumed to be exposed by uptake from ingested surface water, ingestion of omnivorous and
planktivorous fish that contain COPCs and ROPCs taken up from water, ingestion of benthic
invertebrates exposed by uptake from sediment, and external radiation from water and air.

Bald Eagle. Bald eagle populations are evaluated as representative of carnivorous birds of special
interest that consume ommnivorous fish contaminated by COPCs and ROPCs from water. The bald eagle

is known to nest along the Columbia River, but often leaves the area before laying eggs (WHC 1994),
Resident eagles are exposed to contaminants in fish as well as waterfowl, small mammals, and carrion, on
which they prey. The bald eagle is the best representative of top predators of aquatic biota on the Hanford
Site. For conservatism in the SLERA, the bald eagle will be assumed to be exposed year-round by
ingestion of surface water, fish that contain COPCs and ROPCs taken up from water, and external
radiation from water and air.

Mink. Mink populations are evaluated as representative of carnivorous mammals that consume
omnivorous fish contaminated by COPCs and ROPCs from water. The mink could be expected to spend
its life at the location of maximum deposition of COPCs and ROPCs. The mink is assumed to be exposed
by uptake from ingested surface water, ingestion of fish that contain COPCs and ROPCs taken up from
water, and external radiation from water and air.
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8.1.3.3 Species Profiles

Quantitative descriptions of the receptor species are necessary to model exposure to COPCs and ROPCs.
The following species profiles for mammals and birds provide the necessary quantitative information for
each receptor, as well as text describing the species and its relation to the Hanford Site. Species profiles
are not required for plants (cheatgrass and rabbitbrush) and terrestrial invertebrates (earthworms and
darkling beetles) because exposures of these receptors are not modeled using receptor-specific
parameters. Similarly, species profiles are not required for the following:

e Benthic invertebrates (clams, insects, snails, and worms)

e Planktivorous fish and small invertebrates (small carp, small northern squaw fish, small suckers,
water fleas, and other invertebrates)

e Fish (bass, salmon, and channel catfish)
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Mule deer, with an onsite herd of several hundred, occur just about everywhere on the Hanford Site, but
are most often found near the Columbia River. Mule deer use the islands and other riparian areas as
fawning habitat. Bitterbrush provides important browse for the resident mule deer herd. Summer
browse is chiefly herbaceous plants and the young shoots of woody plants, while winter browse includes
twigs of woody plants and trees, including cedar, yew, aspen, willow, dogwood, juniper, and sage.
Coyotes are a major predator, along with bobcats to a lesser extent. Mule deer are most active in the
mornings and evenings.

Parameter | Definition Value | Reference/Notes

BW Body weight (kg) 66.5 Average of males and females, north
central Colorado (Sample et al. 1997)

ED Exposure duration (longevity) (yrs) 20 (Anderson and Wallmo 1984)

HR Home range (ha) 285 (Sample et al. 1997)

TUF Temporal use factor 1 Will be 1 unless specific value exists
for a receptor

IRr Food ingestion rate 0.035 | Adjusted from 0.022 kg/kg BW dry

(g/g/d = kg/kg BW/d)* weight per day (Sample et al. 1997) by

assuming a 37 % moisture content in
browse (Neuenschwander 1980)

Fp Plant fraction 1 (Sample et al. 1997)

F, Animal fraction 0 (Sample et al. 1997)

SFr Soil fraction 0.02 (Arthur and Alldredge 1979 in Beyer
et al. 1994)

IR, Water ingestion rate (L/kg BW/d) 0.044 | Average of mid-range values for winter

and summer reported by Sample et al.
(1997)

a

FP+FA: 1.0.

Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
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The mourning dove has the widest distribution of any North American game bird; it is the only species
nesting in all 48 contiguous US states. During the winter it lives in small to large flocks where food is
plentiful and good roosting and protective cover are available in nearby trees. The mourning dove feeds
mostly on the ground in harvested crop fields, and along railroads and roadsides. About 98 % of its diet
in all seasons is seeds. It eats some insects and snails, and picks up grit from gravel roads or sea
beaches. It nests from southeastern Alaska to western Panama, and it winters from southern Canada, but
mainly from northern California, south into Central America.

Parameter | Definition Value | Reference/Notes

BW Body weight (kg) 0.128 Numerical average of males and
females (Martin and Nelson 1952 in
Terres 1980)

ED Exposure duration (longevity) (yrs) 19.3 (Carey and Judge 2001)

HR Foraging distance (km) <1 (CDFG 2003)

TUF Temporal use factor Will be 1 unless specific value exists for
a receptor

IRy Food ingestion rate 0.212 Calculated by allometric equation,

(g/g/d = kg/kg BW/d)* 0.398 x BW(g2)"*/BW(g) (EPA 1993a,

Eq. 3-4), adjusted to wet-weight basis
by assuming a water content of 9.3 %
for seeds (EPA 1993a, Table 4-2):
0.192 /(1-0.093) = 0.212

Fp Plant fraction 1 Diet stated to be >98 % seeds and other
vegetation (Terres 1980)

Fy Animal fraction 0 <2 % invertebrates (Terres 1980)

SFr Soil fraction 0.09 Assumed to be 10 % of dry weight of
diet (EPA 1999): 0.1 x (1 —0.093) =
0.09

IR, Water ingestion rate (L/kg BW/day) 0.116 Calculated by using allometric equation,

0.059 x BW (kg)**"/BW(kg) [EPA
1993a, Eq. 3-15]

a

FP+FA: 1.0.

Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
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The Great Basin pocket mouse eats mostly seeds, but also eats insects (Fitzner and Gray 1991). It is the
principal prey of the burrowing, great horned, long-eared, and barn owls at the Hanford Site

(Downs et al. 1993) and serves as a vector for contaminant movement through the food chain. The
Great Basin pocket mouse is a nocturnal, burrowing mammal, with most burrows being between 35 cm
and 193 cm (1.2 ft to 6.3 ft) deep (Gano and Rickard 1982). The mouse has no need for drinking water,
obtaining all its water from its food. Its small home range could cause it to spend all of its time within a
contaminated area and obtain all food there (DOE 1999).

Parameter | Definition Value | Reference/Notes

BW Body weight (kg) 0.016 | Average, males and females, Washington
State (Sample et al. 1997)

ED Exposure duration (longevity) (yrs) | 8.0 Value for pocket mouse (Perognathus
spp.) (Carey and Judge 2001)

HR Home range (ha) 0.14 Mid-range for females, Washington State
(Sample et al. 1997)

TUF Temporal use factor 1 (DOE 1999)

IRg Food ingestion rate 0.285 | (Calder 1984 in DOE-RL 1995)

(g/g/d = kg/kg BW/d)*

Fp Plant fraction 0.62° Annual average (based on four seasons
normalized to 100% and then averaged),
Colorado, short-grass prairie
(EPA 1993a)

Fy Animal fraction 0.38° Annual average, Colorado, short-grass
prairie (EPA 1993a)

SFr Soil fraction 0.01 Estimated 2 % of dry weight of diet
(Beyer et al. 1994). Dry weight is
estimated to be 57 % of a mixed diet of
55 % seeds with 9.3 % water content and
45 % terrestrial invertebrates with 84 %
water content (EPA 1993a, Tables 4-1
and 4-2).

IR, Water ingestion rate (L/kg BW/d) 0.0 (Price 1983)

Food ingestion rate (g/g/d) expressed as kg/kg BW/d does not include ingested soil; therefore, Fp + F = 1.0.
Values used for the Great Basin pocket mouse taken from values established for the deer mouse
(Peromyscus maniculatus). (Flake 1973 in EPA 1993a)
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The western meadowlark is a ground-nesting bird that nests in cheatgrass and sagebrush-bunchgrass
communities (Rickard et al. 1988, Schuler et al. 1988). The western meadowlark is a common,
omnivorous bird of open habitats in southeastern Washington State and is abundant in the shrub-steppe
ecosystem (Schuler et al. 1988). It feeds on a variety of items, which include both insects and plant
material, mostly seeds. One study (Bent 1958 in Sample et al. 1997) reports that the western
meadowlark’s diet consists of roughly 70 % insects and 30 % plant material. Studies conducted in
southeastern Washington State indicate that it is the main bird prey item in the diets of the red-tailed,
ferruginous, and Swainson’s hawks (Rickard et al. 1988). Adult female western meadowlarks average
94.2 grams in weight and lay three to seven eggs in dome-shaped nests concealed in the grass or weeds.

Parameter | Definition Value | Reference/Notes

BW Body weight (kg) 0.094 | Adult female, Washington State (Sample
et al. 1997)

ED Exposure duration (longevity) (yrs) | 10.0 Value for captive species (Carey and
Judge 2001)

HR Home range (ha) 3.0 Adult male, Wisconsin, average (Sample
et al. 1997)

TUF Temporal use factor 1 Will be 1 unless specific value exists for
a receptor

IR: Food ingestion rate 0.028 | (Sample et al. 1997)

(g/g/d = kg/kg BW/d)*

Fp Plant fraction 0.30 (Bent 1958 in Sample et al. 1997)

Fy Animal fraction 0.70 (Bent 1958 in Sample et al. 1997)

SEr Soil fraction 0.04 Estimated 10.4 % of dry weight of diet of
woodcock (Beyer et al. 1994) was used
for the meadowlark. Dry weight is
estimated to be 38 % of a mixed diet of
30 % seeds with 9.3 % water and 70 %
terrestrial invertebrates with 84 % water
content (EPA 1993a, Tables 4-1 & 4-2).

IR, Water ingestion rate (L/kg BW/d) 0.13 Calculated using allometric equation,

0.059 x BW(kg)"/BW(kg) [EPA 1993a,
Eq. 3-15]

a

FP+FA: 1.0.

Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore
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The coyote is the most common carnivore on the Hanford Site. They are nocturnal but may be active at
any time of day. Primarily carnivorous, coyotes feed mainly on birds and small mammals, but also feed
on insects and fruits in season. The typical hunting range is 10 miles, but may extend to 100 miles,
reflecting the coyote’s variable home range. Being an upper-trophic-level receptor, the coyote could be
particularly susceptible to chemicals that bioaccumulate. Coyotes living in the shrub-steppe feed on
pocket mice, northern pocket gopher, Nuttall’s cottontail, black-tailed jackrabbit, and occasionally small
mule deer. Favored den sites are riverbanks and the sides of canyons or gulches.

Parameter | Definition Value | Reference/Notes

BW Body weight (kg) 12.4 Average of adult male and female from
lowa (Sample et al. 1997)

ED Exposure duration (longevity) (yrs) | 21.8 Value for captive species (Carey and
Judge 2001)

HR Home range (ha) 3010 Living singly or in pairs (Sample et al.
1997)

TUF Temporal use factor 1 Will be 1 unless specific value exists for
a receptor

IRy Food ingestion rate 0.018 | Desert coyote adults (Sample et al. 1997)

(g/g/d = kg/kg BW/d)*

Fp Plant fraction 0.02 Average for western states (Sample et al.
1997)

Fy Animal fraction 0.98 Average for western states (Sample et al.
1997)

SFr Soil fraction 0.002 | Estimated soil ingestion rate divided by
food ingestion rate

iR, Water ingestion rate (L/kg BW/d) 0.077 | Estimated (Sample et al. 1997) by using

allometric equation, 0.099 x BW
(k)™ */BW(kg) [EPA 1993a, Eq. 3-17]

a

FP+FA: 1.0.

Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
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The burrowing owl is the most abundant of the owls that nest on the Hanford Site. Burrowing owls nest
in holes in the ground that are abandoned by burrowing mammals. Their diet consists of pocket mice,
deer mice, pocket gophers, mountain voles, black-tailed jackrabbits, Nuttall’s cottontail, rock doves,
mallards, and American coots.

The burrowing owl is more diurnal than most owls. The female lays five to seven eggs in a long,
underground burrow lined with grasses, roots, and dung. The burrows are usually abandoned prairie dog
or pocket gopher burrows, but burrowing owls are capable of digging their own.

Parameter | Definition Value | Reference/Notes

BW Body weight (kg) 0.15 Mean, males and females, throughout
North America (Sample et al. 1997)

ED Exposure duration (longevity) (yrs) | 8.7 (Carey and Judge 2001)

HR Home range (ha) 241 Mean, Saskatchewan (Sample et al.
1997)

TUF Temporal use factor 1 Will be 1 unless specific value exists for
a receptor

IRF Food ingestion rate 0.042 | Estimated (Sample et al. 1997) from

(g/g/d = kg/kg BW/d)* reported energy requirement, average of

winter and summer

Fp Plant fraction 0 Colorado (Sample et al. 1997)

F, Animal fraction 1 Colorado (Sample et al. 1997)

SFr Soil fraction 0.1 Estimated from mean of 5 % of volume
(Thomsen 1971 in Sample et al. 1997)

iR, Water ingestion rate (L/kg BW/d) 0.11 Estimated (Sample et al. 1997) by using

allometric equation, 0.059 x BW
(k)™ /BW(kg) [EPA 1993a, Eq. 3-15]

a

FP+FA: 1.0.

Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
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The red-tailed hawk may be found on the Hanford Site year-round (Fitzner and Gray 1991). Forty-one
nesting pairs of hawks (red-tailed, Swainson’s, and ferruginous) were observed on site during the 1994
breeding season (Neitzel et al. 2005). Nests were constructed in trees, cliffs, basalt outcrops, and
high-voltage transmission line towers (Neitzel et al. 2005). The red-tailed hawk is a diurnal predator of
rodents and other small mammals, including mice, shrews, voles, rabbits, and squirrels. Generally
opportunistic, the red-tailed hawk feeds on whatever is most abundant and readily available. Red-tailed
hawks maintain a territory year-round (Brown and Amadon 1968).

Parameter | Definition Value | Reference/Notes

BW Body weight (kg) 1.06 Average of adult male and female,
southwest Idaho (Steenhof 1983 in
EPA 1993a)

ED Exposure duration (longevity) (yrs) | 18 (Henny and Wight, 1970, 1972 in
EPA 1993a)

HR Home range (ha) 1,770 | Adult, both male and female, Colorado
upland prairie (Andersen and
Rongstad 1989 in EPA 1993a)

TUF Temporal use factor 1 Will be 1 unless specific value exists for a
receptor

IRf Food ingestion rate 0.105 | Average of adult male and female, winter,

(g/g/d = kg/kg BW/d)* Michigan, captive, outdoors (Craighead

and Craighead 1956 in EPA 1993a)

Fp Plant fraction 0 Not stated in EPA 1993a; assumed to be
negligible

Fy Animal fraction 1 Prey brought to nests in Alberta, Canada,
Oregon, and California (EPA 1993a)

SFr Soil fraction 0 Not stated in EPA (1993a) or Beyer et al.
(1994); assumed to be negligible

IR, Water ingestion rate (L/kg BW/d) 0.057 | Average of adult male and female rates

(EPA 1993a) estimated using the
allometric equation, 0.059 x BW(kg)"*’
/BW(kg) [EPA 1993a, Eq. 3-15]

a

FP+FA: 1.0.

Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
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Canada geese forage primarily in open fields, feeding on grains, grass sprouts, and some aquatic
vegetation. Breeding habitats include tall grass prairies and shortgrass prairies, marshes, ponds, and
lakes. Most nesting sites are close to open water, often on islands (EPA 1993a). The Canada goose uses
islands along the Hanford Reach extensively for nesting. Studies on the nesting habits of geese that use
the Hanford Site have been ongoing since 1953. These studies indicate a general decline over the years
in numbers of nests on islands in the Hanford Reach because of heavy predation by coyotes

(Cushing et al. 1995).

Parameter | Definition Value | Reference/Notes

BW Body weight (kg) 3.72 Average of adult male and female, Nova
Scotia (EPA 1993a)

ED Exposure duration (longevity) (yrs) | 24.3 (Carey and Judge 2002)

HR Home range (ha) 983 Adult female and brood, Washington
State (EPA 1993a)

TUF Temporal use factor 1 Considered a year-round resident at the
Hanford Site (DOE 2001)

IRF Food ingestion rate 0.031 | Average of adult male and female, winter

(g/g/d = kg/kg BW/d)* and spring, British Columbia interior
(EPA 1993a)

Fp Plant fraction 1 North Carolina, lake; and Ontario, bay
(EPA 1993a)

F, Animal fraction 0 <1 % invertebrates (EPA 1993a)

SEr Sediment fraction 0.07 Estimated 8.2 % of dry weight of diet
(Beyer et al. 1994). Dry weight is
estimated to be 0.89 x wet weight for
grain and seeds (EPA 1993a).

IRw Water ingestion rate (L/kg BW/d) 0.038 | Average of adult male and female,

estimated (EPA 1993a) by using
allometric equation,

0.059 x BW(kg)"/BW(kg) (EPA 1993a,
Eq. 3-15)

a

Fp"!‘FA: 1.0.

Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
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Spotted Sandpiper (Actitus macularia)

The spotted sandpiper requires open water for drinking, semi-open habitat for nesting, and dense
vegetation for breeding (Bent 1929 and Oring et al. 1983 in EPA 1993a). The nest is a grassy scrape
near water or in brush with a determinate clutch size of four eggs. Several clutches may be laid during a
given breeding season. The diet of the spotted sandpiper consists mostly of terrestrial and aquatic
insects (Bent 1929 in EPA 1993a), with adult flying insects making up the bulk of the diet

(Oring et al. 1983 in EPA 1993a).

Parameter | Definition Value | Reference/Notes
BW Body weight (kg) 0.0425 | Arithmetic mean, adult, males and females,
Minnesota (EPA 1993a)
ED Exposure duration (longevity) | 3.7 (Oring et al., 1983 in EPA 1993a)
(yrs)
HR Home range (ha) 0.25 Single value, sex not specified, Nova Scotia
(EPA 1993a)
TUF Temporal use factor 1 Will be 1 unless a specific value exists for a
receptor
IRF Food ingestion rate 0.88 Calculated by allometric equation,
(g/g/d = kg/kg BW/d)* 0.648 x BW(g)**'/BW(g) (EPA 1993a,

Eq. 3-3), adjusted to wet- weight basis by
assuming food moisture content of 80 % for
benthic invertebrates (EPA 1993, Table 4-1).
IRF=0.175/(1-0.8) = 0.88

Fp Plant fraction 0 None listed as dietary intake in EPA (1993a)

Fy Animal fraction 1 Benthic invertebrates, Minnesota, lake (EPA
1993a)

SEr Sediment fraction 0.036 Estimated 18 % of dry weight of diet (Beyer

et al. 1994). Dry weight is estimated to be
0.2 x wet weight for benthic invertebrates
(EPA 1993a, Table 4-1). SFr=0.18 x 0.2 =

0.03e6.
IRy Water ingestion rate 0.165 Average of adult male and female rates (EPA
(L/kg BW/d) 1993a), estimated by using allometric

equation, 0.059 x BW(kg)""/BW(kg) (EPA
1993a, Eq. 3-15)

a

Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
Fp + FA =1.0.
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Great blue herons are year-round residents of the Hanford Reach. This bird is relatively common along
the Hanford Reach (Fitzner and Gray 1991). Some of the trees planted on pre-1943 farms have persisted
and serve as nesting platforms for several species of birds, including the great blue herons

(DOE-RL 1995). lIts nest is a platform of sticks lined with finer material and is sometimes found on the
ground or in a reedbed. Principal prey items of the great blue heron are fish and frogs, although it will

also feed on small mammals, reptiles, and occasionally birds.

Parameter | Definition Value | Reference/Notes

BW Body weight (kg) 2.39 Arithmetic mean, adult, both sexes,
location not stated (EPA 1993a)

ED Exposure duration (longevity) (yrs) | 23.3 (Carey and Judge 2001)

HR Foraging range (km) 31 Foraging distance, mean, adults, both
sexes, South Dakota, stream
(EPA 1993a)

TUF Temporal use factor 1 Will be 1 unless a specific value exists
for a receptor

IRg Food ingestion rate 0.18 (EPA 1993a)

(g/g/d = kg’kg BW/d)*

Fp Plant fraction 0 None listed as dietary intake in
EPA (1993a)

Fy Animal fraction 1 98 % aquatic vertebrates, a river in lower
Michigan (EPA 1993a)

Str Sediment fraction 0 Not reported in EPA (1993a); assumed to
be negligible

1Ry Water ingestion rate (L/kg BW/d) 0.045 | Estimated (EPA 1993a) by using

allometric equation,
0.059 x BW(kg)"*/BW (kg) (EPA
1993a, Eq. 3-15)

a

FP+FA: 1.0.

Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
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Bald Eagle (Haliaetus leucocephalus)

The bald eagle is a common winter resident, usually arriving in October. These birds forage throughout
the Hanford Reach. Bald eagles use trees during the day for perching and occasionally at night for
communal roosts (DOE 1999). Wintering eagles tend to concentrate where food is abundant and human
disturbance is minimal. The diet of bald eagles varies locally as well as seasonally. Food may vary
from spawned salmon and waterfowl (often killed by other predators or disease) during the winter to
fish, small mammals, carrion, and waterfowl during the breeding season (EPA 1993a). Although bald
eagles exhibit nesting behavior at the Hanford Site, most leave before laying eggs (WHC 1994),

Parameter | Definition Value | Reference/Notes

BW Body weight (kg) 3.75 Arithmetic mean, adult, both sexes,
Florida (EPA 1993a)

ED Exposure duration (longevity) (yrs) | 50 (Snow, 1973 in EPA 1993a)

HR Foraging distance (km) 10 Territory length, mean, adults, coastal
Washington State (EPA 1993a)

TUF Temporal use factor 1 Will be 1 unless specific value exists for
a receptor

IRy Food ingestion rate 0.12 Adult, both sexes, Washington State,

(g/g/d = kg/kg BW/d)* free-flying (EPA 1993a)

Fp Plant fraction 0 None listed as dietary intake in EPA
(1993a)

Fy Animal fraction 1 53 % birds, 27 % fish, 20 % other,
Washington State, river (EPA 1993a)

SFr Sediment fraction 0 Not reported in EPA 1993a; assumed to
be negligible

IRy Water ingestion rate (L/kgBW/d) 0.036 | Average of adult male and female rates,

estimated (EPA 1993a) by using
allometric equation,

0.059 x BW(kg)"*/BW (kg) (EPA
1993a, Eq. 3-15)

a

Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
FP + FA = 10
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Mink (Mustela vison)

The mink is the most abundant and widespread carnivorous mammal in North America. The home
range of mink encompasses both their foraging areas around waterways and their dens along the
Columbia River. The mink is found in aquatic habitats of all kinds, including waterways such as rivers,
streams, lakes, and ditches, as well as swamps, marshes, and backwater areas (Linscombe et al. 1982 in
EPA 1993a). Mink are particularly sensitive to certain chemicals. Mink are predominantly nocturnal
hunters, although they are sometimes active during the day. They can often be found along the
Columbia River. Mammals are the mink’s most important prey year-round in many parts of their range
(Eagle and Whitman 1987 in EPA 1993a), but mink also hunt aquatic prey (such as fish, amphibians,
and crustaceans) and other terrestrial prey (such as birds, reptiles, and insects) depending on the season
(Linscombe et al. 1982 in EPA 1993a). Salmon and trout can outmaneuver them, unless the fish are
preoccupied with spawning (Eaton 2009).

Parameter | Definition Value | Reference/Notes
BW Body weight (kg) 0.85 Average of adult male and female (summer
and fall) (EPA 1993a)
ED Exposure duration (longevity) 11 Value for captive species (Enders, 1952 in
(yrs) EPA 1993a)
HR Foraging distance (km) 2.24 Foraging distance, mean, adults, both
sexes, Sweden/stream (EPA 1993a)
TUF Temporal use factor 1 Will be 1 unless specific value exists for a
receptor
IRf Food ingestion rate 0.14 Michigan (farm raised) (EPA 1993a)
(g/g/d = kg/kg BW/d)*
Fp Plant fraction 0.09 Michigan/stream, river (% wet wt; stomach

contents normalized to 97.5% of contents
identified) (EPA 1993a)

F, Animal fraction 0.91 Michigan/stream, river (% wet wt; stomach
contents normalized to 97.5% of contents
identified) (EPA 1993a)

Str Sediment fraction 0 (Sample et al. 1997)

IRw Water ingestion rate (L/kgBW/d) 0.11 Estimated (EPA 1993a) by using
allometric equation,

0.099 x BW(kg)"*/BW (kg) (EPA 1993a,
Eq. 3-17)

a

Food ingestion rate (g/g/d) re-expressed as kg/kg BW/d is assumed not to include ingested soil; therefore,
FP + FA =1.0.
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8.1.4  Assessment Endpoints

An assessment endpoint is defined by EPA (1997) to be “an expression of an ecological attribute that is to
be protected.” Environmental statutes govern the protection of ecological resources, including:

e Preservation and conservation of T&E organisms
e Maintenance and protection of terrestrial organism populations and ecosystems

e Maintenance and protection of aquatic organism populations and ecosystems

To fulfill these requirements, the assessment endpoints were chosen to:

e Protect and conserve individuals and populations of T&E species (Table 8-2, assessment endpoint 1).

e Maintain and protect terrestrial populations and ecosystems, including plants (Table §-2, assessment
endpoint 2), invertebrates (Table §-2, assessment endpoint 3), herbivorous animals (Table 8-2,
assessment endpoint 4), omnivorous animals (Table 8-2, assessment endpoint 5), and terrestrial
predators (Table 8-2, assessment endpoint 6).

e Maintain and protect aquatic populations and ecosystems, including sediment-dwelling organisms
(Table 8-2, assessment endpoint 7), planktivorous fish and small aquatic invertebrates (Table 8-2,
assessment endpoint 8), waterfowl (Table 8-2, assessment endpoint 9), large carnivorous fish
(Table 8-2, assessment endpoint 10), and fish-eating predators (Table 8-2, assessment endpoint 11).

The assessment endpoints reflect the conceptual exposure model and are based on the identified receptors
and their recognized complete exposure pathways. Critical attributes of identified ecological receptors
(population, community, or individual in the case of T&E species) are abundance and productivity, which
are functions of survival and reproduction. Protection of receptors’ survival and reproduction is assumed
to protect the structure and function of the local ecosystem (EPA 1999). Measures of effect are defined as
measures of change in critical attributes in response to a stressor to which receptors are exposed. For the
Hanford Site risk assessment, modeled exposure concentrations and doses are compared to published
concentrations and doses associated with measures of toxicological effect on the identified receptors or
related species. Decision criteria prescribe how the endpoints are evaluated using the measures of effect.

Policy goals, assessment endpoints, measures of effect, and decision rules used for the SLERA are
presented in Table 8-2.

8.2  Exposure Assessment

Estimation of the risk to ecological receptors from COPCs and ROPCs in environmental media at an
exposure location requires an estimate of exposure and a toxicity reference value (7RV) (i.e., an exposure
level associated with little or no adverse effect). Section 8.3 discusses 7R Vs. This section describes how
the exposures of ecological receptors are estimated for environmental media at the WTP exposure
locations. Exposure locations at the Hanford Site are areas within the deposition grid at which ecological
receptors come into contact with COPCs and ROPCs in media contaminated by stack emissions.
Contamination at a given location is represented by modeled concentrations of COPCs and ROPCs in
environmental media. Receptor locations and emissions data used to compute EPCs are the same as in
the human health risk assessment, but are limited to the onsite ground maximum (terrestrial receptors) and
Columbia River maximum (aquatic receptors and all water consumption). This approach ensures that a
conservative risk assessment results, since exposure at any other location would be lower. If there are no
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unacceptable risks at the points of maximum deposition and air concentration, logically there cannot be
unacceptable risks at other locations where COPC and ROPC concentrations are lower. Therefore,
additional information about exposure at points with lower soil, air, or water concentrations will not be
necessary.

The exposure assessments for ecological receptors estimate the exposure from ingestion of food and
environmental media containing COPCs and ROPCs under certain assumptions. The ingestion rates of
food and environmental media (soil, sediment, and water) and the proportions of different types of food
that WTP receptors realistically ingest are given in Section 8.1 of this work plan. The proportions of
different types of food that a receptor ingests (i.e., its diet) are an important factor in determining the
exposure because different food types have different uptake rates of COPCs and ROPCs and, therefore,
different concentrations in tissues. The diets to be used for the SLERA are defined in Section 8.2.1.

The assessment of exposure for ecological receptors requires estimates of the EPCs of COPCs and
ROPCs in environmental media, including plants and animals ingested by receptors. Section 8.2
discusses EPCs. The SLERA will use modeled whole-body concentrations in food items to estimate
doses to wildlife receptors. All terrestrial receptors are assumed to be exposed to the calculated
concentrations of contaminants at the ground maximum or Columbia River maximum, regardless of the
likelihood that they occur there.

The equations to be used to estimate exposure for terrestrial and aquatic receptors at the WTP exposure
locations are described below (Sections 8.2.3 and 8.2.4). Two types of exposure estimates are required:

e The exposure estimate for receptors living immersed in a medium containing COPCs or ROPCs (such
as vegetation and terrestrial invertebrates living in soil, fish and other aquatic life living in surface
water, and benthic organisms living in sediment) is the concentration of COPC or ROPC in the
medium.

e The exposure estimate for a wildlife receptor that does not live in a medium containing COPCs or
ROPCs but is exposed by ingestion is the estimated daily dose (DD).

The exposure equations for wildlife are variations of wildlife exposure equations from EPA 1999 and
implied in other sources (EPA 1997, 1998). These equations are used to calculate both the concentrations
of COPCs and ROPCs in the tissues of receptors that are used for food (and in the case of ROPCs, the
tissues of all other wildlife receptors) and the ingested doses of COPCs and ROPCs. The equations for
ecological receptors are functionally equivalent to the equations in Section 7.1 of this work plan that are
used to quantify exposure of humans by ingestion of contaminated food (EPA 2005). All ingested dose
equations calculate the amount of contaminant ingested per unit biomass per unit time by multiplying the
concentration of the contaminant in the ingested medium (abiotic medium or food item) by the receptor’s
ingestion rate for that medium and dividing by the receptor’s body weight. The wildlife equations allow
for the contaminant concentration in a food item to be calculated as the product of the contaminant
concentration in an abiotic medium and the bioaccumulation (uptake or transfer) factor for the medium.

The modeled whole-body concentrations of contaminants in plants and fish consumed by both humans
and nonhuman receptors will be calculated by using bioaccumulation factors, ingestion rates, and other
parameters (Section 8.2.5) in model equations described by EPA (1999). The SLERA will use these
modeled whole-body concentrations to estimate doses to wildlife receptors.
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The diets to be used in the PRA and the FRA for WTP receptors are discussed in the following
subsection.

8.2.1 Diet

The proportions of different types of food that a receptor eats (i.e., its diet) are important factors in
determining the exposure because different food types have different concentrations of COPCs and
ROPCs. Two general types of diet by which ingestion exposure of omnivores and carnivores can be
estimated are discussed in this section. An exclusive diet is a diet consisting of a single type of prey or
food, and a realistic diet is a diet where the fractions of different types of prey or food eaten are more or
less the fractions reported to actually occur in one or more cases for the receptor or similar species. In the
PRA and in the FRA, the exposure assessment will evaluate an exclusive diet in which the concentration
of COPC or ROPC is calculated for each food item, and the higher concentration is used in the exposure
evaluation. The exclusive-diet scenario will be evaluated as a worst-case scenario (i.e., it gives the most
conservative risk estimate). If use of the exclusive diet results in an H/ > 0.25 for an omnivore or one of
its predators, exposure will be reevaluated using realistic diets subject to Ecology approval. In general,
the fractions of prey or food types in a given animal’s diet, the body burdens in each prey or food type,
and the animal’s bioconcentration factor (BCF) for the COPC or ROPC determines the animal’s body
burden and, thus, the exposure of its predator.

For 12 of the WTP receptors, a diet must be specified to quantify the dose of COPCs and ROPCs
resulting from ingested food. Three of the receptors (mule deer, mourning dove, and Canada goose) eat
only plants; four of the receptors (red-tailed hawk, spotted sandpiper, great blue heron, and bald eagle) eat
only animals; the remaining five receptors (Great Basin pocket mouse, Western meadowlark, burrowing
owl, coyote, and mink) typically eat a mixed diet of both plants and animals. However, the typical plant
fraction for burrowing owl, coyote, and mink is so small that they will be evaluated as strict carnivores.
An exclusive diet will be used for each of the omnivores and carnivores. Use of the realistic diet would
reduce the ingestion exposure of mice and meadowlarks. It would also reduce the tissue concentrations in
mice and meadowlarks and, thereby, reduce the ingestion exposure of the terrestrial carnivores—coyotes,
owls, and hawks.

For the omnivores (pocket mouse and western meadowlark) and the top predators (coyote, burrowing
owl, and red-tailed hawk), the SLERA will evaluate only the exclusive diet comprising the food type with
the higher concentration for a given COPC. For the omnivores, if the plant food has the higher
concentration for a given COPC, then the diet of 100 % plants will be evaluated (Figure 8-10), and vice
versa should the food of the soil-dwelling invertebrate have higher tissue concentration. In this way, the
exclusive diet will bound risk associated with insectivores as well as strict herbivores. For the top
predators, if the small mammal prey (pocket mouse) has the highest concentration for a given COPC, then
the diet of 100 % pocket mice will be evaluated (Figure 8-11), and vice versa should the western
meadowlark have the higher tissue concentration. For mink, the SLERA will evaluate a diet of 100 %
fish. This approach always results in the most conservative, highest exposure estimate for a given COPC
for omnivores (pocket mouse and meadowlark) and predators (coyote, owl, hawk, and mink) that eat
multiple types of food. For ROPCs, the assessment will evaluate only the exclusive diet of the food type
resulting in the higher tissue concentration in the receptor.

If use of the exclusive diet results in an A/ > 0.25 for an omnivore or one of its predators, exposure will
be reevaluated using realistic diets subject to Ecology approval.

Page 8-31



W AW N =

0 -1 N

Ne

11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

38
39
40
41
42
43

24590-WTP-RPT-ENV-14-002, Rev 0
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

Concentrations used to estimate exposure for ecological receptors, exposure equations for terrestrial and
aquatic receptors, and the variables and parameters used in these equations to estimate exposures for
ecological receptors are provided in the following sections.

8.2.2  Exposure Point Concentrations in Abiotic Media

Exposure of ecological receptors to COPCs and ROPCs in this work plan will be estimated from the
concentrations predicted by the aerial dispersion and other fate and transport models (Section 6).
Dispersion model output concentrations will be used to calculate exposure concentrations for gases and
particulates in air (ug/m’, pCi/m®) and surface soil (mg/kg, pCi/g) at the onsite ground maximum, and
gases and particulates in air (ug/m’, pCi/m’), surface water (mg/L, pCi/L), and sediment (mg/kg, pCi/g) at
the Columbia River maximum. For each of these exposure locations on the dispersion grid, the modeled
concentration will be used to estimate the exposure to terrestrial (Section 8.2.3) and aquatic

(Section 8.2.4) ecological receptors as appropriate. Use of maximum-modeled concentrations represents
a conservative estimate of potential exposure due to the WTP operations.

In keeping with the protective approach that will be used in the SLERA, EPCs used to estimate doses of
COPCs and ROPCs for the quantitative SLERA will correspond to the maximum concentrations at the
locations of maximum deposition, and potential exposure to all ecological receptors will be evaluated
there.

8.2.3  Quantification of Exposure (Terrestrial Receptors)

Quantifying exposures for receptors exposed by direct contact with air and soil, and ingestion of soil and
biota, requires the EPCs of COPCs and ROPCs in air, soil, and biota. The method for calculating EPCs in
air and soil is described in Section 8.2.2. The EPCs of COPCs and ROPCs in biota (Section 8.2.3.1) are
required in order to calculate the DD by ingestion (Sections 8.2.3.2 and 8.2.3.3) and the internal radiation
dose for wildlife receptors (Section 8.2.3.4).

Terrestrial receptors at Hanford can find water in many sources, including rain, snow, dew, and incidental
surface sources. However, climate in the region results in greater evapotranspiration than precipitation
(DOE 1997). Therefore, most potential water sources are ephemeral and are not appropriate for
deposition modeling, which assumes a 40-year accumulation of COPCs and ROPCs. It is assumed for the
RAWP that the terrestrial receptors ingesting surface water do so at the Columbia River maximum
location. Exposure by ingestion of drinking water will also be evaluated for aquatic receptors at the
Columbia River maximum location, where the river is also the source of drinking water for Canada goose,
spotted sandpiper, great blue heron, bald eagle, and mink.

8.2.3.1 EPCs in Terrestrial Biota

Calculating EPCs for tissues of terrestrial plants and animals exposed by direct contact with air and soil
requires the EPCs of COPCs and the ROPCs in air (C,) and soil (Cs) and the receptor bioaccumulation
and uptake factors for the COPCs and ROPCs (Section 8.2.5.3). The remaining EPCs for receptors are
computed using methodology from the SLERAP. Unless specifically stated otherwise, all tissue and
body weights are wet or fresh weights (FW), whereas soil weights are dry weights (DW).
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EPCs in Terrestrial Plants (Trophic Level 1)

The EPC for terrestrial plants (C7p) exposed to COPCs and ROPCs in air and surface soil and fed upon by
herbivores and omnivores is given by:

Cyp=Pd+ Pv+Pr (SLERAP Eg. 5-6)
where:

Crp = concentration of COPC or ROPC in plant tissue (mg/kg or pCi/g)

Pd = concentration resulting from uptake from particles deposited on leaf surfaces (mg/kg or
pCi/g)

Pv = concentration resulting from uptake of vapors by direct contact with air (mg/kg or
pCi/g)

Pr = concentration resulting from uptake from soil through roots (mg/kg or pCi/g)

Equations for the calculation of Pd and Pv are presented in Sections 6.6.1 and 6.6.2, respectively. Pr is
calculated as:

Pr=_Cs;5x BCF, % 0.12 (SLERAP Table B-3-3)
where:
Pr = concentration resulting from uptake from soil through roots (mg/kg or pCi/g)
Cs;s = concentration of constituent in soil (mg/kg or pCi/g), based upon a 15 cm root-zone
soil depth
BCF, = plant-soil biotransfer factor (mg/kg DW plant per mg/kg DW soil)
0.12 = dry-weight to wet-weight conversion (unitless, EPA 1999)

The values of BCF, are discussed in Section 8.2.5.3. Values of BCF., for all COPCs and ROPCs are
reported in Supplement 4.

EPCs in Terrestrial Invertebrates (Trophic Level 2)

For terrestrial invertebrates exposed to COPCs and ROPCs in air and surface soil and fed upon by
omnivores, the tissue EPC will be calculated by using either a measured soil-to-invertebrate uptake factor
or a calculated soil porewater concentration and an empirically determined water-to-invertebrate uptake
factor. The EPCs for COPCs and ROPCs with measured uptake factors are calculated in accordance with
EPA (1999) draft guidance:

Cy =Css- BCF (SLERAP Table F-1-3)

where:

Cwy =  fresh weight concentration of COPC or ROPC in animal tissue (mg/kg or pCi/g)
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Cs;s = concentration of COPC or ROPC in soil (mg/kg or pCi/g), based upon a 15 cm soil
depth
BCFg = soil-to-invertebrate uptake factor (mg/kg FW tissue per mg/kg DW soil)

The values of BCF's are discussed in Section 8.2.5.3. Values of BCF's for all COPCs and ROPCs are
reported in Supplement 4.

For many organic COPCs, measured BCFs values are not available. Instead, per EPA draft guidance
(EPA 1999), values of BCF for organic COPCs for which no measured values were available were
calculated with an equation (SLERAP Eq. C-1-1) derived by regression analysis of uptake of several
organic chemicals from water by aquatic invertebrates as a function of log K, (Southworth et al., 1978
[see Section 8.2.5.3 for further discussion of the equation]). K, is the ratio of the molar concentrations
(in a dilute solution) of a chemical in n-octanol and in water. Since K, is the ratio of two molar
concentrations, it is a dimensionless quantity. Sometimes K., is reported as the decadic logarithm

(log K,.,). K., provides a measure of chemical lipophilicity, that is, the degree to which a chemical
dissolves in a lipid (an oily compound). The K, values for affected organic COPCs are wide-ranging.
Based on the equilibrium partitioning approach described in EPA (SLERAP Section 5.3.2.1), BCFy
values for COPCs with higher log K, values will be used with estimated soil porewater concentrations,
rather than soil concentrations, to estimate COPC concentrations in terrestrial invertebrates.

log BCF,, =0.819-logK,, —1.146 (SLERAP Eq. C-1-4)

where:

BCFy water-to-tissue uptake factor for terrestrial invertebrates (mg/kg FW tissue per
mg/L water)

octanol-water partition coefficient of the compound (unitless)

K ow

To be taken up by terrestrial invertebrates, chemicals must be in solution in soil porewater. For most
organic COPCs, only a small fraction of the COPC in soil is dissolved in porewater, and the biologically
available fraction of these organic COPCs in soil (i.e., the fraction in soil porewater) is small. Chemicals
in soil porewater are assumed to be in equilibrium with chemicals bound to soil particles. The ratio of
concentration in soil porewater to concentration on soil particles is given by the partitioning coefficient
(Kd,) that is characteristic of the chemical and the soil. However, most organic COPCs in soil are bound
to organic carbon rather than to the mineral structure of soil particles (EPA 1993b), and Kd, is not
constant for soils with different organic carbon contents. A more useful partitioning coefficient is the
ratio of the concentration relative to soil carbon (mg/kg carbon) to the concentration in soil porewater
(mg/L) and is designated K,.. K,. can be multiplied by the fraction of organic carbon in the soil to derive
the porewater-to-soil concentration ratio:

Kd =K, -f. (SLERAP Eq. A-2-8a)
where:

Kd; = soil-water partitioning coefficient (L/kg soil)

K,. = soil organic carbon-water partitioning coefficient (L/kg carbon)
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foe = fraction of soil that is organic carbon, 0.0044 (fraction of organic carbon in soil, site-
specific value from average organic carbon measurements in Paragon Analytics, Inc.,
CCN 150854) (kg carbon/kg soil)

The concentration in interstitial water (Cy) can be calculated by dividing the concentration in the media
of interest (Cs;s5) by Kd:

Cs
C — 15
" Kd

N

and by substitution (as shown in Eq. 5-5 of EPA draft guidance [EPA 1999]):

C
Cpp = —15 (SLERAP Eg. 5-5)
K{)C : f()C
where:

Ciw = concentration of organic COPC in soil interstitial water (mg/L)

Cs;s = concentration of organic COPC in soil (mg/kg soil), based upon a 15 ¢m soil depth

K,. = soil organic carbon-water partitioning coefficient (L/kg carbon)

foo = fraction of soil that is organic carbon, 0.0044 (fraction of organic carbon in soil, site-

specific value from average organic carbon measurements in Paragon Analytics, Inc.,
CCN 150854) (kg carbon/kg soil)

Thus, the tissue EPC for organic COPCs derived by using the calculated BCFy would be:

Cipy =C . BCFy, (SLERAP Eq. 5-4)

and:
Csys
=— BCF,
w fOC . KOC "

where:

Civy = concentration of organic COPC in animal tissue (mg/kg)

Ciw = concentration of organic COPC in soil porewater (mg/L)

BCFy, = water-to-tissue uptake factor for terrestrial invertebrates (mg/kg FW tissue per

mg/L water)
Csys = concentration of organic COPC in 15 ¢cm root-zone depth soil (mg/kg)
Joe = fraction of soil that is organic carbon, 0.0044 (fraction of organic carbon in soil,

site-specific value from average organic carbon measurements in Paragon
Analytics, Inc., CCN 150854) (kg carbon / kg soil)

Koc = soil organic carbon-water partitioning coefficient (L/kg) (Supplement 4)
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The SLERAP (Section 5.3.2.1 of EPA 1999) quoted for the use of equilibrium partitioning to estimate
porewater concentrations states that the equilibrium-partitioning approach may be applied only when
certain conditions are met:

e The fraction of organic carbon in soil (f.) is known.
e The COPCs must be nonpolar hydrophobic organic compounds.
e The COPCs must have mathematically derived water-to-tissue BCFs.

For this work plan, equilibrium partitioning can be applied to the subset of organic COPCs that have log
K,, and log K. values but do not have measured BCF values because each the above conditions are met,
as described below:

e The approach is considered valid if f,. is > 0.002 (EPA 1993b), whereas it has been accepted that the
average of measured f,. values is 0.0044 for the SLRA. This £, value is based on the sample data
provided by Ecology (CCN 150854). This data indicates organic carbon content ranges from 0.21 to
0.77 percent (10 samples plus a duplicate sample, mean = 0.0044, standard deviation = 0.0022). The
mean value will be used to model the soil invertebrate tissue concentration for the subset of organic
COPCs mentioned in the text.

e The hydrophobic nature of a compound is indicated by its log K,,,,. In the discussion of the technical
basis for using equilibrium partitioning to derive sediment quality criteria (EPA 1993b), EPA shows
sediment quality criteria for compounds with log K,,,, above about 2.6, so any compound with a
log K, greater than or equal to 2.6 should be considered sufficiently hydrophobic to meet the
requirements of the method. The organic COPCs with BCF values calculated by SLERAP Eq. C-1-1
(EPA 1999) that also have log K,,, values greater than or equal to 2.6 and thus meet the requirement
of being nonpolar, hydrophobic compounds with mathematically derived water BCF's are footnoted in
Supplement 4.

e  The organic COPCs for which K, is known have mathematically determined water-to-invertebrate
BCFs.

The equilibrium-partitioning approach will be used for the organic COPCs that do not have measured
BCFg values but have log K, values > 2.6. For the remaining organic COPCs that do not have measured
BCF values but have log K,,,, values < 2.6, the calculated BCF), will be used to calculate tissue
concentrations per SLERAP Table F-1-3. Per EPA (1999) it will be assumed that the pore water
concentration is the same as the concentration in bulk soil. Therefore, the calculated BCFs will be
assumed to have units of kg soil/kg tissue.

EPCs in Mammal and Bird Tissues (Trophic Levels 2, 3, and 4)

For mammal and bird omnivores that are preyed upon by other predator receptors, the tissue EPC (Copyy)
will be calculated as the sum of the contributions from the different types of material ingested. For
transfer of COPCs and ROPCs to receptors by ingestion of plants, water, and soil, BCFs are used. For
transfer of COPCs and ROPCs from prey to predators by ingestion of prey tissue, the food-chain
multiplier (FCM) approach (EPA 1999) will be used to model transfer from one trophic level to another.
Section 8.2.5.3 discusses FCMs. It is assumed that all mammals and birds ingest unfiltered water from
the Columbia River maximum location. The equation describing the concentration of COPCs and ROPCs
in receptor tissues is adapted from the SLERAP (EPA 1999, Eqs. 5-11, 5-12, and 5-13). The equation has
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been modified by simplification of the subscripts and removal of the summation (since exclusive diets are
assumed). The equation takes the following form:

. contaminants contaminants contaminants contaminants
concentration
inreceptor consumed + consumed + consumed +  consumed
p from prey from plants from soil from water
where:
contaminants _ cqncentratlon bioconcentration fraction or proportion of food
= in food or X x . . .
consumed . factor or media that is contaminated
media
such that the concentration in a omnivore is: (modified SLERAP Eq. 5-12)
M,
c,, =C, ——*-F,+C,-BCF,-F,+Cs,-BCF,-P.+C,_,, -BCF,-F,-CF
FCM ,
and the concentration in a herbivore is: (modified SLERAP Eq. 5-11)
c,=C,,-BCF,-F,+Cs,-BCF,-P.+C,_  -BCF, B, -CF
and the concentration in a carnivore is: (modified SLERAP Eq. 5-13)
FCM
C.=C,- €.F,+Cs,-BCF,-P,+C,,, -BCF, P, -CF
A
where:
Comme = concentration of constituent in omnivorous, herbivorous, or carnivorous
(respectively) receptor tissue (mg/kg FW tissue or pCi/g FW tissue)
Cy = concentration of constituent in ingested animal prey (mg/kg FW tissue or pCi/g
FW tissue)
FCMopye = food-chain multipliers for the omnivorous receptor (unitless)
FCM, = food-chain multipliers for ingested prey type (unitless)
F, = fraction of diet from animal tissue (unitless)
Crp = concentration of constituent in ingested plant tissue (mg/kg plant or pCi/g plant)
BCFp = plant-to-tissue uptake factor for omnivorous/herbivorous receptor (mg/kg FW
tissue per mg/kg plant)
Fp = fraction of diet from plant tissue (unitless)
Cs; = concentration of constituent in ingested soil (based upon an untilled 2-cm soil
depth) (mg/kg or pCi/g),
BCFj = soil-to-tissue uptake factor for omnivorous/herbivorous/carnivorous receptor

(mg/kg FW tissue per mg/kg DW soil)
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Ps = proportion of consumed soil or sediment that is contaminated (unitless)

Ciior = concentration of constituent in unfiltered water from Columbia River maximum
location (mg/L or pCi/L)

BCFy = water-to-tissue uptake factor for omnivorous/herbivorous/camivorous receptor
(mg/kg FW tissue per mg/L water)

Py = proportion of consumed water that is contaminated (unitless)

CF = conversion factor for radionuclides, 0.001 pCi/kg to pCi/g

Per the SLERAP (EPA 1999), the plant-to-tissue, water-to-tissue, and soil-to-tissue BCFs are calculated
from the receptor’s ingestion rate and the published biotransfer factor (Ba). The BCFs are calculated
using a modified version of SLERAP equations. The modification is necessary to derive BCF's from
ingestion rates reported on a body-weight basis:

BCF, =Ba- IR, - BW (modified SLERAP Eq. D-1-1)
and:
BCF, =Ba- IR, - BW (modified SLERAP Eq. D-1-2)
where:
BCF, = food-to-animal bioconcentration factor for receptor (mg COPC/kg FW tissue per
mg COPC/kg FW food)
BCF,;, = media-to-animal bioconcentration factor for receptor (mg COPC/kg FW tissue per
mg COPC/kg DW media)
Ba = ingestion-to-tissue transfer factor (d/kg)
1Ry = daily food ingestion rate (kg/kg BW/d)
IRy = daily media ingestion rate, such that:

IR, =rate of water consumption (L/kgBW/d)
IRs = SFr- IR, = rate of soil consumption (kg/kg BW/d)

SFr = soil ingested per unit food ingested (unitless)

BW body weight of receptor (kg)

Soil consumption by receptors is incidental to the consumption of prey and plants. The amount of soil
ingested per unit of food ingested (SF¥) is used in conjunction with the food ingestion rate to determine
the soil ingestion rate (IRs= IRr X SFr).

According to EPA (1999), the fraction of the diet that is plants (#5) is included in the calculation of BCFp.
Thus, an omnivore whose diet is 50 % plants would have a BCFphalf that of an herbivore with the same
body weight and food ingestion rate. However, because Fp must be adjusted to either 1 or 0 for the
exclusive diet, a fixed value of F» cannot be included in the calculation of BCFp. Therefore, £p is not
included as a part of BCFp, but appears as a separate term in SLERAP Equation 5-12.

Values for /R, Fp, BW, SFr, and water ingestion (/R,,) for receptors exposed at terrestrial areas are given
in the receptor profiles in Section 8.1.3.3. The values of BCF are discussed in Section 8.2.5.3. Values of
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Ba, BCFp (BCF for plants), BCFs (BCF for soil), and BCFy, (BCF for water), for all COPCs and ROPCs
for each receptor are reported in Supplement 4.

The EPCs for COPCs in plants, terrestrial invertebrates, and mammal and bird receptors that are eaten by
other receptors will be used in the equations for modeling intake to terrestrial ecological receptors

(i.e., the ingestion DD). Tissue EPCs for ROPCs are used for all receptors to calculate internal radiation
exposure.

8.2.3.2 Modeling Intake to Terrestrial Ecological Receptors

The ingestion DD for terrestrial receptors will be calculated as the sum of the intakes of plant tissue,
animal tissue, soil, and water. Thus:

DD=ZIRF-CI.-PI.-FI.+ZIRM-CM-PM (SLERAP Eq. 5-1)
or:

DD =DD  + DD, + DD + DD,
where:

DD = daily dose by ingestion (mg/kg BW/d)

1Rf = receptor plant or animal food item ingestion rate (kg/kg BW-day)

C; = constituent concentration in /" plant or animal food item (mg/kg)

P; = proportion of i™ food item that is contaminated (unitless) - assumed to be equal to 1

F; = fraction of diet consisting of plant or animal food item i (unitless)

IRy, = media M ingestion rate (kg’lkg BW-day [soil or bed sediment] or L/’kg BW-day

[water])

Cuy = constituent concentration in media M (mg/kg [soil or bed sediment] or mg/L. [water])

Py = proportion of ingested media M that is contaminated (unitless)

DD, = daily dose by animal ingestion (mg/kg BW/d)

DDp = daily dose by plant ingestion (mg/kg BW/d)

DDs = daily dose by soil or sediment ingestion (mg/kg BW/d)

DDy = daily dose by water ingestion (mg/kg BW/d)

As defined by Equation 5-1 of the SLERAP:

DD,=C,-IR.-F,
DD, =C, IR, - F,
DD, =Cs,- IR, - SFr
DD, =C IR,

wetor
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where:
DD, = daily dose by animal ingestion (mg/kg BW/d)
DDp = daily dose by plant ingestion (mg/kg BW/d)
DDg = daily dose by soil ingestion (mg/kg BW/d)
DD, = daily dose by water ingestion (mg/kg BW/d)
Cy = concentration of constituent in ingested animal tissue (mg/kg)
Cp = concentration of constituent in ingested plant tissue (mg/kg)
IR = food (plant or prey, as applicable) ingestion rate of receptor (kg/kg BW/d)
Fy = fraction of diet from animals (unitless)
Fp = fraction of diet from plants (unitless)
Cs = concentration of constituent in ingested soil (mg/kg ), based upon a 2-cm untilled soil
depth
SEFr = soil ingested per unit of food ingested (unitless)

The plant and animal food fractions sum to 1 (Fp+ F,; = 1), and SFr is defined as the amount of soil
ingested per unit of food ingested. Therefore, the total ingested fraction of food plus soil (Fp + F; + SF#)
is greater than 1 (e.g., for the western meadowlark £ = 0.3, £, = 0.7, and SF¥r= 0.29, so the total ingested
fraction is 1.29).

Proportion of contaminated food and media (P; and P,,), absorption efficiency (4E), the area use factor
(AUF), and the temporal use factor (TUF) are assumed to be equal to 1, so they do not appear in the
exposure equations.

8.2.3.3 Receptor-Specific Exposure Equations for Terrestrial Receptors

The complete equations for daily ingestion intake (DD) and animal tissue concentration (C,) for each
receptor are presented below.
Herbivores: Mule Deer and Mourning Dove (Trophic Level 2)

Mule deer and mourning doves are strict herbivores but ingest soil incidentally with their plant food and
are assumed to ingest water from the Columbia River (Figure 8-8). Thus,

DD = DDp+ DDs+ DDy, or (Equation 8-1)
DD, =C,-IR,-F,+Cs,-IR,-SFr+C,_  -IR,
DD, =C,-IR, -F,+Cs,-IR,.-SFr+C,__ -IR,

where Crp, IRg, Cso, SFF, C\e0» and IR, are as given above. The mule deer and mourning dove food
ingestion rates (/Ry), dietary fractions (¥ and SFr), and water ingestion rates (/R,,) are given in the
receptor profiles in Section 8.1.3.3.
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Deer and dove tissue concentrations are calculated by an equation with the applicable exposure routes in
SLERAP Equation 5-11:

Cpor =C,.- BCF,- F,+Cs,-BCF;-P.+C,_. . -BCF,- P, -CF

C,,.=C,,- BCF,-F,+Cs,- BCF,- P,+C,., - BCF,-P,-CF

Dove wetot

where:

Cpeermove = concentration of COPC or ROPC in receptor tissue (mg/kg or pCi/g)

Crp = concentration of COPC or ROPC in ingested plant tissue (mg/kg or pCi/g)

Fp = fraction of diet from plants (unitless)

BCFp = plant-to-tissue uptake factor for receptor (mg/kg FW tissue per mg/kg plant)

Cs; = concentration of constituent in ingested soil (mg/kg or pCi/g), based upon a 2-cm
untilled soil depth

BCFj = soil-to-tissue uptake factor for receptor (mg/kg FW tissue per mg/kg DW soil)

Ciior = total concentration of ROPC in water (mg/kg or pCi/L)

BCFy = water-to-tissue uptake factor for receptor (kg FW tissue per mg/L water)

CF = conversion factor for radionuclides, 0.001 pCi/kg to pCi/g

The soil-to-tissue concentration factors (BCF), plant-to-tissue concentration factors (BCFp), and water-
to-tissue uptake factors (BCFy), respectively, for mule deer and mourning doves are reported in
Supplement 4.

Omnivores: Great Basin Pocket Mouse and Western Meadowlark (Trophic Level 3)

Great Basin pocket mouse and western meadowlark are omnivores that ingest plants and invertebrates,
and ingest soil incidentally with their food. The western meadowlark is assumed to ingest water from the
Columbia River whereas the Great Basin pocket mouse is assumed to obtain water through its food
(Figure 8-8). The receptor dose includes the contribution of food, soil and water (for the meadowlark):

DD = DD,+ DDp+ DDs+ DDy, or (Equation 8-2)

DD=C,-IR,-F,+C,,-IR, - F,+Cs, IR, -SFr+C, -IR,

wetot
where Cy, Crp, IRg, Cso, SFr, C,0, and IR, are as given above (Equation 8-2 first appears in

Section 8.2.3.2). The pocket mouse and Western meadowlark food ingestion rates (/Ry), water ingestion
rates (/R,,), and dietary fractions (F,;, Fp) and soil fraction (SFr), are given in the receptor profiles in
Section 8.1.3.3. The SLERA will evaluate the exposure of mouse and meadowlark assuming ingestion of
only the food type with the highest tissue concentration. Thus, the concentration of each COPC and each
ROPC will be calculated for plants and terrestrial invertebrates, and the higher concentration will be used
in the exposure calculation. The terrestrial food web (Figure 8-8) shows that the sole animal prey type for
the Great Basin pocket mouse and western meadowlark are terrestrial invertebrates. Whether plants or
terrestrial invertebrates have the higher tissue concentration is a function of the soil-to-tissue uptake factor
for the two food types. For the exclusive diets, if the herbivore diet for a given constituent is the main
source of tissue contamination, F» is one and F, is zero (Cp > C,). If the carnivore diet for a given
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constituent is the main source of tissue contamination, £ is zero and F); is one (C,> Cp) (Figure 8-10).
Selection of the exclusive diet is made on a constituent-by-constituent basis. The use of the exclusive diet
in the evaluation of the worst-case scenario is discussed in Section 8.2.1. The corresponding dose
equations are therefore:

for plant consumption (herbivore diet, Cp > C):

DD

Mouse

=C,,- IR, - F,+Cs,- IR, - SFr (Equation 8-3)

DD, =C,,-IR,-F,+Cs,-IR,-SFr+C, - IR,

Lark wetot

and for consumption of invertebrates (carnivore diet, C,> Cp):

DD

Mouse

=Cuy IR, - F,+Cs,- IR, - SFr (Equation 8-4)

DD,,, =C,, IR, -F,+Cs,-IR,-SFr+C,, - IR,

Lark wetot

Great Basin pocket mouse and western meadowlark tissue concentrations are calculated by equations
adapted from the SLERAP Equations 5-12 and 5-13:

for plant consumption (herbivore diet, Cp > C):

C

Mouse

= C,,- BCF,- F, + Cs,- BCF,

C,,=C,-BCF, -F,+Cs,-BCF,+C,. -BCF, CF

Lark wetot

and for consumption of invertebrates (carnivore diet, C;> Cp):

FCM
FCM, s, BCF,

2

Mouse = C[NV '

FCM,

Coov=Co- FCM, -F,+Cs,-BCF,+C,,, -BCF, -CF
where:
Crousernark = concentration of constituent in receptor tissue (mg/kg or pCi/g)
Crp = concentration of constituent in ingested plant tissue (mg/kg or pCi/g)
BCFp = plant-to-tissue uptake factor for receptor (mg/kg FW tissue per mg/kg plant)
Fp = fraction of diet from plants (unitless)
Civy = concentration of constituent in ingested invertebrate (mg/kg or pCi/g)
FCM; = {food-chain multipliers for the receptor (unitless)
FCM, = food-chain multipliers for ingested prey type (unitless)
Fy = fraction of diet from animals (unitless)
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Cs, = concentration of COPC or ROPC in ingested soil (mg/kg or pCi/g), based upon a
2-cm untilled soil depth

BCF = soil-to-tissue bioconcentration factor for receptor (mg/kg FW tissue per mg’kg DW
soil)

Ciior = total concentration of COPC (mg/L) or ROPC (pCi/L) in water

BCFy, = water-to-tissue bioconcentration factor (kg FW tissue per mg/L water)

CF = conversion factor, 0.001 pCi/kg to pCi/g

The FCMs for the pocket mouse and western meadowlark (FCM;) and their prey (FCM.) are reported in
Supplement 4. The soil-to-tissue bioconcentration factors (BCFj), plant-to-tissue bioconcentration factors
(BCFp), and water-to-tissue bioconcentration factor (BC#Fy) are reported in Supplement 4.

Carnivores: Coyote and Burrowing Owl (Trophic Level 4)

Coyotes and burrowing owls are carnivores that ingest primarily small animals, but also a small fraction
of soil incidentally with their food and are assumed to ingest water from the Columbia River (Figure 8-8).
The SLERA will evaluate the exposure of coyotes and burrowing owls as carnivores, assuming ingestion
of only the animal prey type with the highest tissue concentration. Figure 8-11 shows how the exposure
of carnivores is calculated using existing diet for the case where soil invertebrates have a higher estimated
tissue concentration than plants. Whether meadowlarks or pocket mice have the highest tissue
concentration is a function of the soil-to-tissue and other uptake factors for those prey types. Thus:

DD=DD,+ DDs+ DDy, or (Equation 8-1)

DD=C,-IR,-F,+Cs,- IR, - SFr+C,,, - IR,

wcetot
where Cy, IRg, Csa, SFr, C,0, and IR, are as given above. DD, is calculated for the prey type with the
highest expected body burden for a given constituent. The value of Fy (#40u and £, is the value
shown in the appropriate table entry in Section 8.1.3.3 for the exclusive diet, or zero for the non-exclusive
diet. Because of the exclusive diet assumption, the prey that has the greatest contribution to the
accumulation of a given contaminant in the receptor tissue is the sole source of that contaminant.
Accordingly, the prey that has the least contribution of a given contaminant is not considered (¥, is set to
zero). For example, if the coyote’s uptake for constituent “X” is greatest from the mouse, and for
constituent “Y” is greatest from the lark, it is assumed that the coyote will be exposed to “X” solely from
preying upon mice, and the contribution of constituent “Y” to the coyote’s dose will come from exclusive
consumption of lark. The corresponding dose equations are therefore:

For a diet exclusive to Great Basin pocket mouse consumption (Chspuse™ Cram):

DD, =C, -IR,-F, +Cs,-IR, - SFr+C

Coyote Mouse

IR, (Equation 8-5)

wctot

DD,,, = C

Mouse

IR, - F

Mouse

+0Cs,-IR,.-SFr+C,_ - IR,

wctot
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For a diet exclusive to western meadowlark consumption (Cpax > Chsouse):

DD =C

Coyote Lark

IR,-F, +Cs,-IR,-SFr+C

Lark

IR, (Equation 8-6)

wctot

DD,,=C,, -IR.-F,  +Cs,-IR.-SFr+C,_ - IR,

ark wetot

Coyote and burrowing owl food ingestion rate (/Ry), dietary fraction (£, and SF7), and water ingestion
rate (R,,) are given in the receptor profiles in Section 8.1.3.3. The terrestrial food web (Figure 8-8)
shows that the sole prey types of the coyote and burrowing owl to be evaluated in the SLERA are the
Great Basin pocket mouse and the western meadowlark.

Coyote and burrowing owl tissue concentrations of will be calculated by an equation adapted from the
SLERAP Equation 5-13:

for a diet exclusive to Great Basin pocket mouse consumption (Cyuse > Cram):

c ¢, ECM. g

Coyote Mouse FCM3 Mouse + CS2 . BCFS + C

. BCF, - CF

wctot

c =c, .FM o

-BCF,, - CF
Mouse F C 2‘43 Mouse w

wctot

+Cs,- BCF, +C

for a diet exclusive to western meadowlark consumption (C .4 > Chgouse):

CCoyom = CLark : %' Froi + Cs ' B CF, s T chmt - BCF, w* CF
FCM,

Co.=C,. FCM, F .. +Cs,-BCF,+C, . -BCF,-CF

where:

Ceoporerows = concentration of in receptor tissue (mg/kg or pCi/g)

Crouserrark = concentration of in prey tissue (mg/kg or pCi/g)

FCM, = {food-chain multipliers for the receptor (unitless)

FCM; = {food-chain multipliers for ingested prey type (unitless)

Frouse = fraction of diet from Great Basin pocket mouse tissue (unitless)

Fy o = fraction of diet from western meadowlark tissue (unitless)

Csy = concentration of constituent in ingested soil (mg/kg or pCi/g), based upon a 2-cm
untilled soil depth

BCF = soil-to-tissue uptake factor for receptor (mg/kg FW tissue per mg/kg DW soil)

Cciol = total concentration of constituent in water (mg/L or pCi/L)

BCFy, = water-to-tissue uptake factor for receptor (kg FW tissue per mg/L water)

CF = conversion factor, 0.001 pCi/kg to pCi/g
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For the exclusive diet, £, = 1 for the prey type contributing the most to receptor tissue uptake, and zero
for the receptor contributing the least. The #CMs for the coyote and burrowing owl (F'CM ¢,yore/0n) and
their prey (FCMyousenart) are reported in Supplement 4. Soil-to-tissue uptakes factors (BCFs) and water-
to-tissue uptake factors (BCFy) for the coyote and burrowing owls are reported in Supplement 4.

Carnivore: Red-tailed hawk (Trophic Level 4)

Red-tailed hawks are carnivores that ingest small animals but do not ingest soil incidentally with their
food. They are assumed to ingest water from the Columbia River (Figure 8-8). The SLERA will evaluate
the exposure of red-tailed hawks assuming ingestion of only the prey type with the highest tissue
concentration (Figure 8-11). Thus, the concentration of each COPC and ROPC in mice and meadowlarks
will be calculated, and the higher concentration will be used in the exposure evaluation. Whether
meadowlarks or Great Basin pocket mice have the higher tissue concentration is a function of the
soil-to-tissue and other uptake factors for those prey types. Thus,

DD =DD,+ DDy, or (Equation 8-7)
DD=C, - IR.-F,+C,,, IRy,

where DD, is calculated for prey type with the highest expected body burden for a given constituent with
F,=1. DDy is as given above. The corresponding dose equations are therefore:

for a diet exclusive to Great Basin pocket mouse consumption (Chuse > Cran):

DDy = Corone IR+ Frypree + C

Mouse

IR, (Equation 8-8)

Mouse wetot

for a diet exclusive to western meadowlark consumption (Cpx > Chsouse):

DDHawk = CLark ' [RF ' FLark + chtot ' IRW (Equation 8-9)

Red-tailed hawk food ingestion rate (/Rr) and water ingestion rate (/R,,) are given in the receptor profiles
in Section 8.1.3.3. The terrestrial food web (Figure 8-8) shows the prey types for the hawk. The hawk
prey types to be evaluated in the SLERA are the Great Basin pocket mouse and the western meadowlark.

Red-tailed hawk tissue concentrations of ROPCs are calculated by an equation adapted from the SLERAP
Equation 5-13:

for a diet exclusive to Great Basin pocket mouse consumption (Cyuse > Cram):

FCM,

Mouse FCM3 " Mouse + C

CHawk = C . BCFW . CF

wetot

for a diet exclusive to western meadowlark consumption (C; .4 > Chgouse):

FCM
CHawk = CLark . TM FLark + chtot . BCFW -CF

3
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where:
Chizwt = concentration of in receptor tissue (mg/kg or pCi/g)
Chrousernark = concentration of in prey tissue (mg/kg or pCi/g)
FCM, = {food-chain multipliers for the receptor (unitless)
FCM; = {food-chain multipliers for ingested prey type (unitless)
Frouse = fraction of diet from Great Basin pocket mouse tissue (unitless)
Fron = fraction of diet from western meadowlark tissue (unitless)
Ccron = total concentration of constituent in water (mg/L or pCi/L)
BCFy, = water-to-tissue uptake factor for receptor (kg FW tissue per mg/L water)
CF = conversion factor of 0.001 kg/g (to convert pCi/kg to pCi/g) for ROPCs

For the exclusive diet, F; = 1 for the prey type contributing the most to receptor tissue uptake, and zero
for the receptor contributing the least. The FCMs for hawks (FCM,) and their prey (FCM;) are reported
in Supplement 4 along with water-to-tissue uptake factors (BCFy).

8.2.34 External and Internal Radiation Dose

The total radiological dose to all receptors is calculated as the sum of the external and internal radiation
doses for all ROPCs, using methods presented by Sample et al. (1997). External doses to all receptors
result from exposure to ROPCs in soil and air. The internal dose to plants and terrestrial invertebrates
results from the uptake of radionuclides into their tissues from soil. The internal dose to wildlife
receptors results from the uptake of radionuclides into their tissues from ingested food, soil, and water.

The total radiological dose is calculated as:
DD = DD, + DD, (Equation 8-10)

where:

DD
DDg
DD, = internal radiation dose (rad/day)

total radiation dose to the receptor (rad/day)

total external radiation dose (rad/day)

All radiation damage results from interaction of ionizing radiation with molecules in the tissues. As each
ROPC decays, it emits radiation that is characteristic for that ROPC. The energy absorbed by tissues
depends on the type and energy of radiation and the amount of tissue that absorbs the energy. Thus, alpha
particles and most beta radiation do not penetrate the skin and do not cause damage by external radiation.
Also, the fraction of gamma radiation from any ROPC that is absorbed by tissue is higher for large
animals than for small animals. Internal alpha radiation does more damage to tissues per unit of energy.
To adjust for the additional damage, a quality factor (QF) is used: the alpha energy is multiplied by QF in
the exposure equations. In a paper by Kocher and Trabalka (2000) it is indicated a quality factor of 5 was
suggested by the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR
1996), but states that the rationale for the value was not substantiated. Kocher and Trabalka (2000) state
that the quality factor probably lies between 5 and 10. Based on this paper, the RAWP will use a quality
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factor of 10 (upper end of probable range) for alpha energy. The quality factors for beta and gamma
radiation are 1.

External Dose

External radiation doses from air and soil will be calculated by methods presented by Eckerman and
Ryman (1993, same as EPA 1993c¢), Blaylock, Frank, and O’Neal (1993), and Sample et al. (1997)
because the SLERAP (EPA 1999) does not provide methods to evaluate radiation doses. Sample et al.
(1997) is a published report from Oak Ridge National Laboratory and not agency guidance. The method
of Sample et al. (1997) to calculate belowground external radiation to terrestrial invertebrates will be
adapted for use to calculate external doses to belowground portions of plants. Exposures of terrestrial
receptors to external radiation will be calculated as follows:

e Terrestrial plants — aboveground parts by immersion in air and contact with the soil surface and
belowground parts by immersion in soil

e Terrestrial invertebrates — immersion in air and contact with the soil surface while aboveground
and immersion in soil while belowground

e  Mule deer — immersion in air and radiation from the soil surface
e  Mourning dove — immersion in air and radiation from the soil surface

e Great Basin pocket mouse — immersion in air and radiation from the soil surface while aboveground
and immersion in soil while belowground

e  Western meadowlark — immersion in air and radiation from the soil surface

e Coyote — immersion in air and radiation from the soil surface while aboveground and immersion in
soil while belowground

e Burrowing owl — immersion in air and radiation from the soil surface while aboveground and
immersion in soil while belowground

e Red-tailed hawk — immersion in air and radiation from the soil surface

External irradiation by immersion in air containing ROPCs and by standing, sitting, or lying on the soil
surface (aboveground radiation) will be modeled by using external dose conversion factors (DCFE’s)
(Eckerman and Ryman 1993) and the activity of ROPCs in the medium.

Aboveground external radiation from soil will be adjusted for the fraction of time that the receptor is
assumed to spend on the soil surface, chosen by scientific judgment based on narrative information in
published and internet wildlife articles.

There is also a roughness factor of 0.7 to correct for absorption of radiation by uneven soil contours and
an elevation correction factor (ECF) to adjust DCF's to account for most ecological receptors having most
of their bodies closer to the ground than the humans for which the DCFs were derived. The £CF'is 2 for
all receptors except mule deer, which are large enough to receive radiation at approximately the same
height as humans (Sample et al. 1997). The elevation correction factor of 2 for all receptors except the
mule deer assumes that these receptors receive twice the exposure from the same concentrations of
ROPCs in soil. External radiation DCFs are presented in Supplement 4.

Belowground external radiation from soil will be modeled by using the decay energies and tissue

absorption fractions presented in Supplement 4. Equations to calculate belowground external exposure
are presented by Sample et al. (1997). Belowground exposure is adjusted for the fraction of time that the
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receptor is assumed to be exposed underground, chosen by scientific judgment based on narrative
information in published wildlife articles.

The fraction of time a receptor spends above ground (on the ground surface) and belowground are
assumed to be:

Fraction of time Fraction of time
above ground below ground
Plants 0.5 0.5
Terrestrial invertebrates 0.5 0.5
Mule deer 1 0
Mourning dove 1 0
Great Basin pocket mouse 0.3 0.7
Western meadowlark 1 0
Coyote 0.7 0.3
Burrowing owl 0.5 0.5
Red-tailed hawk 0.05° 0

*1t is assumed the red-tailed hawk spends 95 % of the time in flight or perched such that there is
negligible exposure due to radionuclides in the soil.

As presented implicitly by Eckerman and Ryman (1993) and in Blaylock, Frank, and O’Neal (1993), the
external dose (rad/day) to all receptors for a given radionuclide in the will be calculated as:

DD, = Z (ROPC Concentration - Dose Conversion Factor)

where DD, is the external radiation dose (rad/day). External radiation exposure occurs from three media

types; soil, air, and water. Soil and water exposure can include receptor exposure to the surface of the soil
or water, and exposure from immersion in the soil and water. Air exposure is solely due to immersion.
For terrestrial receptors, the external dose from water exposure is considered negligible because the
receptor contact with the Columbia River is limited.

DD = DD, +DDy.

air

where:
DD, = total external radiation dose (rad/day)
DD, ~ = external radiation dose from sediment (rad/day)
DD, = external radiation dose from air (rad/day)

air
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The external daily dose due to soil contact is:

DD, =DD .+ DD

abovegr belowgrd

where:

DD, = external radiation dose from soil (rad/day)

DD poreqra = external dose from exposure to aboveground soil (rad/day)
DDypejongra = external dose from exposure to belowground soil (rad/day)

The total external dose from all ROPCs in soil is the sum of the external doses from each ROPC.
Following the method of Sample et al. (1997), the external dose from exposure to soil (DD,poyege and
DD pejongra ) Will be calculated as:

DD veera = Fupove Frup - €Sy DCF ;- CFb- ECF (Sample et al. (1997), Eq. 9)
DD, ppers =1.05- F, .- Cs,- E - AbF, - CFa (modified Sample et al. (1997), Eq. 10)

Factoring Cs,, substituting variables to represent the dose factor yields the following equations:

DD, =\F,.- F.;- DCF,;- CFb- ECF +1.05- F,,, - Cs,- E,- AbF,- CFa) Cs, , or
DD E i = (D CF, abovegrd + DCF, belowgrd ) CSZ > Or
DDEA.O,, = DCFmil : CSZ

Thus, the external dose to a terrestrial receptor due to soil exposure to a ROPC will be calculated
according to:

DDE.mﬂ = DCEmil . CSZ L) and
DF = Foppe Frp- DCF, ;- CFb- ECF +1.05- F, ), - F, .- E - ADF, - CFa
where:
DDy = external radiation dose from soil (rad/day)
DCF,,; = factor for converting activity of radionuclide in soil to external dose from exposure

to aboveground and belowground soil in units of rad/day per pCi/g
(D CFmil = D CF abovegrd + D CF belowgrd)

DCF 4povegra = factor for converting activity of radionuclide in soil to external dose from exposure
to aboveground soil in units of rad/day per pCi/g
(DCE, Fpore Foy+ DCF,,,- CFb- ECF)

bovegrd = L above

DCFyeongra = factor for converting activity of radionuclide in soil to external dose from exposure
to belowground soil in units of rad/day per pCi/g
(DCFyypgrg =1.05- Fyp, Fp - E, - ABF, - CFa )

elowgrd below ruf’
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DCFgq = dose conversion factor for external radiation by the ROPC from soil contaminated
to a depth of 5 cm (Sv/s per Bq/m?®), using effective doses (dose averaged over all
body organs) (Eckerman and Ryman 1993, Table 111.4)

Foove = fraction of time spent above ground (unitless)

Fretow = fraction of time spent below ground surface (unitless)

F = dose rate reduction factor accounting for ground roughness (unitless); a value of 0.7
is considered a representative average reduction factor (Eckerman and Ryman
1993)

CFb =5.115 x 10", factor' to convert Sv/s per Bq/m’ to rad/day per pCi/g

ECF = elevation correction factor to adjust dose coefficient for effective height of receptor
above ground (unitless, Sample et al. 1997)

1.05 = conversion factor to account for immersion in soil rather than water (unitless)

E, = photon energy emitted during transition from a higher to a lower energy state x
proportion of disintegrations producing y radiation (MeV/disintegration)

AbF, = absorbed fraction of energy from gamma energy £, (unitless)

CFa = unit conversion factor’, 5.122 x 107 rad/day per pCi/g per MeV/disintegration

Csy = activity of the radionuclide in untilled soil of 2 ¢m depth (pCi/g)

Note that the modification of Equation 10 of Sample et al. (1997) includes terms for energy emitted and
the fraction absorbed. Sample et al. (1997) present absorbed fractions for select radionuclides but neglect
to explicitly show them in Equation 10; thus, the equation above has been modified to clearly show
application of the absorbed fraction in the dose factor computation. DCF,,, for soil, £,, and AbF , are
reported in Supplement 4. To calculate external exposure to radionuclides in soil, DCF,; values will be
multiplied by the modeled activities of the corresponding radionuclides in surface soil at each exposure
location.

The external dose (rad/day) to all receptors from air will be calculated as:

DD, =DCF,,-C, (Eckerman and Ryman 1993)
where:

DDy = external radiation dose from air (rad/day)

DCF,,. = facjtor 3for converting activity of the ROPC in air to external dose from air (rad/day per

C, = E(S[K’I:}[y of the ROPC in air, calculated as described in Section 6.1 (pCi/m”)

The external dose conversion factor for air (DCF ;) will be calculated as follows:

DCF,,=3.197 x 10° - DCF (Eckerman and Ryman 1993)

! Per Eckerman and Ryman, a soil density conversion factor of 1.6x10° kg/m’ is applied such that the appropriate
conversion factor is: [(Sv/s)/(Bq/m’)] x (100 rad/Sv) x (86400 s/day) x (0.037 Bq/pCi) x (10’ g/kg) x
(1.6x10" kg/m®) = 5.115%x10"" (rad-g)/(pCi-day)

* Conversion factor: (pCi/g) x (MeV/disintegration) x (0.037 disintegration/s)/pCi x (1.602x10® rad/(MeV/g)) x
(86400 s/day) = 5.122x107 rad/day
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where:

3.197 x 10° = conversion factor’ to convert Sv/s per Bq/m’ to rad/day per pCi/m’ (Eckerman
and Ryman 1993)

DCF = dose conversion factor for external radiation from immersion in air (Sv/s per
Bg/m’, Eckerman and Ryman 1993)

For all ROPCs, values of DCF,,;, for air are reported in Supplement 4. To calculate external exposure to
radionuclides in air, DCF ;. values will be multiplied by the modeled activities of the corresponding
radionuclides in air at each exposure location.

Internal Dose

The internal exposure to radionuclides will be calculated from the activity in the receptor’s tissues rather
than from the daily ingestion. The internal activities of ROPCs are calculated by using BCFs and ROPC
activities in soil and food as described in Section 8.2.3.3. Internal radiation doses are calculated by
multiplying the activity in tissues by the sum of alpha, beta, and gamma decay energies, where alpha and
beta energies are assumed to be completely absorbed. Because gamma rays, like X-rays, may pass
through the tissues without depositing their energy, gamma energies are adjusted to account for greater
absorption by larger organisms at a given energy level and for greater absorption by all receptors at lower
energy levels. Radiation by daughter radionuclides was also included in internal dose calculations.
Daughter radionuclides are produced by decay of parent radionuclides and short-lived radionuclides could
be expected to contribute to the receptor’s internal dose. Exposures are calculated by assuming that the
decay products of all short-lived ROPCs are in secular equilibrium and equal to the activity of the parent
multiplied by the fraction of the decays in the immediately preceding generation that yield the daughter
radionuclide. Decay energies (Eckerman and Ryman 1993) and absorption fractions for gamma radiation
(Blaylock, Frank, and O’Neal 1993; Sample et al. 1997) of daughter radionuclides are reported in
Supplement 4.

Adapting Equation 11 of Sample et al. (1997), the internal dose (rad/day) to plants, terrestrial
invertebrates, and wildlife receptors will be calculated as follows:

DD, = Z OF - Cypoy wver 4+ E- CF - ABF (modified Sample et al. (1997), Eq. 11)
where:

DD, = internal radiation dose (rad/day)

QF = quality factor for relative biological effect of radiation (unitless) (Kocher and

Trabalka 2000)

QF, = 10 for alpha radiation
OFg = 1 for beta radiation
OF, = 1 for gamma radiation

? Conversion factor: [(Sv/s)/(Bq/m’)] x (100 rad/Sv) x (86400 s/day) x (0.037 Bq/pCi) =
3.197x10" (rad-m*)/(pCi-day)
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Crramvaa = activity of radionuclide in receptor tissue (terrestrial plant, invertebrate, or animal
- see Section 8.2.3.3) (pCi/g)

CF = unit conversion factor, 5.12 x 107 rad/day per pCi/g per MeV/disintegration

E = average energy emitted as alpha, beta, or gamma radiation by radionuclide

i x proportion of disintegrations producing alpha, beta, or gamma radiation
(MeV per disintegration)
AbF = absorbed fraction of energy from alpha, beta, or gamma energy (unitless)

The equation above can be expanded to show the variables specific to the types of radiation emitted from
the ROPC.

DD, =(QF, - E, - AbF, + QF; - E;- AbFy; + OF, - E, - AbF, ) CF - Cppor iy or 4

substituting variables to represent the dose factor yields:

DD, = DCF, - Cypor vy or 4 » a0d
DCFI Z(QFa'Ea'AbFa +QFﬂEﬂAbFﬂ+QF7E}/Abe)CF

where OF,, OF, and QF, are the quality factors of alpha, beta, and gamma radiation (respectively), £,,
Ejg, and E, are the product of the average energy emitted and proportion of disintegrations producing
alpha, beta, and gamma radiation (respectively), and AbF,, AbFj, and AbF, are absorbed fraction of
energy from alpha, beta, and gamma energy (respectively). Other terms are as defined above. Internal
exposure dose factors for aquatic receptors include the contribution of daughter products:

DCF,.,=DCF, +Y DCF,

i=1

where
DCFpp = factor for converting activity of radionuclide (and its daughter products) to
internal dose from ingestion of contaminated food in units of rad/day per pCi/g
DCF, = factor for converting activity of the parent radionuclide to internal dose from

parent

exposure in units of rad/day per pCi/g

Z DCF,) = sum of the daughter product dose factors for each applicable daughter product
= (1 through ») for converting activity of the daughter product to internal dose in
units of rad/day per pCi/g

Values of £ and AbF for each radiation (alpha, beta and gamma) are reported in Supplement 4 for all
ROPCs and their daughters, respectively. To calculate internal exposure to radionuclides in soil, DCF;
values will be multiplied by the modeled activities of the corresponding radionuclides in receptor tissues
at each exposure location.
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8.2.4  Quantification of Exposure at the Columbia River Maximum (Aquatic Receptors)

Calculating ecological screening quotients (£SQs) for receptors exposed to contaminated air, water, and
sediment in the Columbia River area by direct contact with air, sediment, and water and by ingestion of
water, sediment, and biota requires the EPCs of COPCs and ROPCs in air, water, sediment, and aquatic
biota. The EPCs of COPCs in biota (Section 8.2.4.1) are required to calculate the DD by ingestion
(Sections 8.2.4.2 and 8.2.4.3) and internal radiation dose for predator receptors. The total radiation dose
for all receptors exposed to ROPCs is the sum of the external and internal radiation doses for all ROPCs
(Section 8.2.4.4).

The exposure of terrestrial predators to terrestrial prey at the onsite ground maximum is higher than
exposure at the Columbia River maximum because concentrations in the soil at the onsite ground
maximum are by definition higher than concentrations at the Columbia River maximum, which is farther
from the emission source than the onsite ground maximum. Ingestion of terrestrial prey by eagles and
mink at the Columbia River maximum (which would be modeled by the same exposure pathways as
ingestion by coyotes and hawks) will be less than the maximum onsite risk already calculated for
ingestion of terrestrial prey by coyotes and hawks at the onsite ground maximum because the
concentrations in prey will be much lower in proportion to the soil concentrations. Although body
weight, metabolism, and ingestion rate differ among organisms, these differences represent a much
smaller contribution to exposure and risk predictions than does the much larger difference in soil
concentrations between the On-Site Ground Maximum and the Columbia River Maximum.

The intent of evaluating exposure at the Columbia River maximum is to determine the risks from
deposition of COPCs and ROPCs into surface water. To ensure that exposure by deposition of COPCs
and ROPCs into surface water is maximized, exposure to aquatic and benthic prey is evaluated at the
Columbia River maximum and propagated through the food chain to higher trophic level receptors.

8.2.4.1 EPCs in Aquatic Biota

Calculating EPCs for tissues of aquatic plants and animals exposed by direct contact with air, water, and
sediment requires the EPCs of COPCs and the ROPCs in air (C,), dissolved in water (C,,), in water
column as a total (C,,,), in sediment (C,,,), as well as the receptor bioaccumulation and uptake factors
for the COPCs and ROPCs (Section 8.2.5.4).

EPCs in Aquatic Plants (Trophic Level 1)

For floating and rooted aquatic plants exposed to COPCs and ROPCs in surface water and sediment,
respectively, and fed upon by Canada geese, the tissue EPC will be calculated in accordance with the
SLERAP (EPA 1999), using concentration of COPCs and ROPCs in river sediment (C,,):

C,,=C, BCF, -CF (SLERAP Eq. 5-3)
where:

C,p = concentration or activity of COPCs or ROPCs in aquatic plant tissue (mg/kg or pCi/g)

Cy = concentration or activity of COPCs or ROPCs in the media of interest (C,,, dissolved

in surface water in mg/L or pCi/L, or C,4, sediment in mg/kg, or pCi/g)
BCFy

media-to-plant bioconcentration factor (water-to-tissue uptake factor for floating plants
in L/kg, or unitless sediment-to-tissue uptake factor for rooted aquatic plants)
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CF = conversion factor of 0.001 kg/g (to convert pCi/kg to pCi/g) for ROPCs

In order to be conservative, it is assumed that the diet of the Canada goose is exposed to COPCs and
ROPCs in both surface water and sediment (Figure 8-9). The values of BCF), for the SLERA are
discussed in Section 8.2.5.4. For all COPCs and ROPCs, values for BCF), are reported in Supplement 4.

EPCs in Benthic Invertebrates (Trophic Level 2)

For benthic invertebrates exposed to organic COPCs and ROPCs in sediment and fed upon by spotted
sandpipers and great blue herons, the tissue EPC will be calculated by using either a measured
sediment-to-invertebrate bioconcentration factor or a calculated sediment porewater concentration and an
empirically determined water-to-invertebrate bioconcentration factor. The EPCs for constituents with
measured bioconcentration factors are calculated in accordance with EPA (1999) draft guidance:

C,y =C,.. BCF, (SLERAP Eq. F-1-3)
or
C,v =C,, BCF, - CF (SLERAP Eq. 5-4)
where:
Cwy = concentration or activity of COPCs or ROPCs in benthic invertebrate tissue (mg/kg,
pCi/g)
Cis = concentration or activity of COPCs or ROPCs in sediment (mg/kg, or pCi/g)
BCFs = sediment-to-tissue bioconcentration factor for benthic invertebrates (unitless)
Crw = concentration or activity of COPCs or ROPCs in sediment interstitial water (mg/L, or
pCi/L), explained below
BCFy = water-to-tissue bioconcentration factor for benthic invertebrates (L/kg)
CF = conversion factor of 0.001 kg/g (to convert pCi/kg to pCi/g) for ROPCs

When measured values were not available, the sediment-to-benthic invertebrate BCF' are the average of
all available measured bioconcentration factors, as was done for terrestrial invertebrates. For many
organic COPCs, measured sediment-to-tissue BCF's values are not available. Instead, per EPA draft
guidance, values of BCFy for organic COPCs for which no measured values were available were
calculated with an equation, given in SLERAP (Eq. C-1-4) and derived by regression analysis of uptake
of several organic chemicals from water by aquatic invertebrates as a function of log K,,,. (Southworth

et al. 1978). According to EPA draft guidance, it is appropriate to use a calculated concentration of an
organic COPC in sediment porewater when using an aquatic BCFy value, as calculated by the regression
equation for aquatic invertebrates (SLERAP Eq. C-1-4). The concentration in sediment porewater is
determined by equilibrium partitioning, which is explained in Section 8.2.3.1. Thus, the tissue EPC
calculated by using the calculated BCFy (SLERAP Eq. 5-4) will use a sediment interstitial water
concentration:

Cy=—ed (SLERAP Eq. 5-5)
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where:
Cw = concentration of organic COPC in sediment porewater (mg/L)
Ces = concentration of organic COPC in sediment (mg/kg)
Koc = soil organic carbon partitioning coefficient (L/kg)
Socbs = fraction of bed sediment that is organic carbon (unitless)

Note: SLERAP Equation 5-5 first appears in Section 8.2.3.1.

The values of BCFy for the SLERA are discussed in Section 8.2.5.4. For all COPCs and ROPCs, values
for BCF  are reported in Supplement 4.

EPCs in Aquatic Invertebrates (Trophic Level 2)

For aquatic invertebrates exposed to COPCs and ROPCs in surface water, the tissue EPC will be
calculated in accordance with EPA (1999) draft guidance, using dissolved concentrations (Cy,) in water:

Cpyy =C,, - BCFy, - CF (SLERAP Eq. 5-3)
where:

Cwvy = concentration or activity of COPC/ROPC in aquatic invertebrate tissue (pCi/g)

Cu = concentration or activity of COPC/ROPC dissolved in surface water (pCi/L)

BCFpy = water-to-tissue uptake factor for aquatic invertebrates (L/kg)
CF = conversion factor of 0.001 kg/g (to convert pCi/kg to pCi/g) for ROPCs

For all ROPCs, values for BCFyy are reported in Supplement 4.

EPCs in Fish (Trophic Levels 2, 3, and 4)

Trophic-level-specific FCMs will be used to calculate the concentrations of COPCs and ROPCs in fish.
FCMs adjust the calculated concentration in fish tissue to account for bioaccumulation from one trophic
level to another (see Section 8.2.5.3). For planktivorous fish (trophic level 2, FCM,), omnivorous fish
(trophic level 3, FCM3;), and carnivorous fish (trophic level 4, FCM,) exposed to dissolved concentrations
(C4,) of constituents in surface water, aquatic biota, and fish, the tissue EPC will be calculated,
respectively, as follows:

Cy = BCF,, - FCM,- C,,- CF (SLERAP Eq. 5-7)
where:
C. = concentration or activity of COPC or ROPC in fish tissue for trophic level 7 fish
(mg/kg or pCi/g)
Cih = concentration or activity of COPC or ROPC dissolved in surface water (mg/L or
pCi/L)
BCFy = water-to-tissue uptake factor for fish (L/kg)
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FCM;
CF

food chain multiplier for trophic level i fish (unitless)
conversion factor of 0.001 kg/g (to convert pCi/kg to pCi/g) for ROPCs

The values of BCF), and FCMs for the SLERA are discussed in Section 8.2.5.4. For all COPCs and
ROPCs, values for BCFy are reported in Supplement 4 with values for FCM,, FCM; and FCM,.

EPCs in Mammal and Bird Tissues (Trophic Levels 2, 3, and 4)

For wildlife receptors, the tissue EPC will be calculated in accordance with EPA (1999) draft guidance as
the sum of the contributions from the different types of material ingested. Trophic-level-specific FCMs
will be used to calculate the concentrations of ROPCs in mammals and birds. The FCMs adjust the
calculated concentration in animal tissue to account for bioaccumulation from one trophic level to another
(see Section 8.2.5.3). The equations are adapted from EPA draft guidance (SLERAP Eq. 5-12),

such that the concentration in a omnivore is: (modified SLERAP Eq. 5-12)
FCM,,,
Coy=C, ——M . F, +C,p-BCF,-F,+Cs,,,-BCF,-P;+C,,,, - BCF, - P, -CF
FCM , ‘
and the concentration in an herbivore is: (modified SLERAP Eq. 5-11)
C,=C,,p-BCF,-Fp+Cs,,,-BCF;-P.+C,.,-BCF, P, -CF
and the concentration in a carnivore is: (modified SLERAP Eq. 5-13)
FCM
Co=C,- FCM:‘ -F,+Cs,, BCFs-P;+C,,.,, - BCF, -P,-CF
where:
Comme = concentration of constituent in omnivorous, herbivorous, or carnivorous
(respectively) receptor tissue (mg/kg FW tissue or pCi/g FW tissue)
o = concentration of constituent in ingested animal prey (mg/kg FW tissue or pCi/g
FW tissue)
FCMpye = food-chain multipliers for the omnivorous receptor (unitless)
FCM, = food-chain multipliers for ingested prey type (unitless)
Fy = fraction of diet from animal tissue (unitless)
Cup = concentration of constituent in ingested aquatic plant tissue (mg/kg plant or pCi/g
plant)
BCFp = plant-to-tissue uptake factor for omnivorous/herbivorous receptor (mg/kg FW
tissue per mg/kg plant)
Fp = fraction of diet from plant tissue (unitless)
CSyea = concentration of constituent in ingested sediment (mg/kg or pCi/g),
BCFj = soil-to-tissue uptake factor for omnivorous/herbivorous/carnivorous receptor

(mg/kg FW tissue per mg/kg DW soil)
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Ps = proportion of consumed soil or sediment that is contaminated (unitless)

Ciior = concentration of constituent in unfiltered water from Columbia River maximum
location (mg/L or pCi/L)

BCFy = water-to-tissue uptake factor for omnivorous/herbivorous/carnivorous receptor
(mg/kg FW tissue per mg/L water)

Py = proportion of consumed water that is contaminated (unitless)

CF = conversion factor for radionuclides, 0.001 pCi/kg to pCi/g

The plant-to-tissue uptake factors, water-to-tissue uptake factors, and soil-to-tissue uptake factors, which
will be used for sediment, are calculated per EPA (1999) draft guidance from the receptor’s ingestion rate
and the published biotransfer factor (Ba), that is:

BCF, =Ba- IR, - BW (modified SLERAP Eq. D-1-1)
and:
BCF,, =Ba- IR, - BW (modified SLERAP Eq. D-1-2)
where:
BCF, = food-to-animal bioconcentration factor for receptor (mg COPC/kg FW tissue per mg
COPC/kg FW food)
BCF,; = media-to-animal bioconcentration factor for receptor (mg COPC/kg FW tissue per
mg COPC/kg DW media)
Ba = ingestion-to-tissue transfer factor (d/kg)
1Ry = daily food ingestion rate (kg/kg BW/d)
IR, = daily media ingestion rate, such that:
IR, = rate of water consumption (L/kgBW/d)
1R = SFr- IR = rate of sediment consumption (kg/kg BW/d)
SFr = sediment ingested per unit food ingested (unitless)
BW = body weight of receptor (kg)

Note: SLERAP Equations D-1-1 and D-1-2 first appear in Section 8.2.3.1.

The values of Ba, BCFp, BCFs, and BCFy are discussed in Section 8.2.5.3 and are reported in
Supplement 4. Values for IRy, Fp, BW, SFFr, and water ingestion (/R,) for receptors exposed at that
Columbia River are given in the receptor profiles in Section 8.1.3.3.

The EPCs for COPCs in aquatic plants, benthic invertebrates, and aquatic biota are used in the equations

for modeling intake to aquatic ecological receptors (i.e., the ingestion DD). EPCs for ROPCs will be used
to calculate internal radiation doses.
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8.2.4.2 Modeling Intake to Aquatic Ecological Receptors

Ingestion exposure of aquatic receptors will be evaluated using exclusive diets: floating aquatic plants for
the Canada goose, benthic invertebrates for the spotted sandpiper, and fish for the bald eagle and mink.
Ingestion of terrestrial food items is not included because the intent is to determine the risk from COPCs
and ROPCs in surface water and sediment. The ingestion DD (mg/kg/d) for aquatic receptors exposed to
COPCs in sediment or surface water will be calculated as the sum of plant tissue, animal tissue, water,
and sediment intakes:

DD:ZIRF-C,.-IJ,.-E+ZIRM-CM-PM (SLERAP Eq. 5-1)
or:

DD=DD, + DD, + DD, + DD,
where:

DD = daily dose by ingestion (mg/kg BW/d)

1Rf = receptor plant or animal food item ingestion rate (kg/kg BW-day)

C; = constituent concentration in /" plant or animal food item (mg/kg)

P; = proportion of " food item that is contaminated (unitless) - assumed to be equal to 1

F; = fraction of diet consisting of plant or animal food item i (unitless)

IRy, = media M ingestion rate (kg’lkg BW-day [soil or bed sediment] or L/kg BW-day

[water])

Cy = constituent concentration in media M (mg/kg [soil or bed sediment] or mg/L. [water])

Py = proportion of ingested media M that is contaminated (unitless)

DD, = daily dose by animal ingestion (mg/kg BW/d)

DDp = daily dose by plant ingestion (mg/kg BW/d)

DD,,, = daily dose by sediment ingestion (mg/kg BW/d)

DDy = daily dose by water ingestion (mg/kg BW/d)

As defined by Equation 5-1 of the SLERAP:

DD,=C,- IR, F,
DD, =C,,- IR, - F,
DD, =C,y - IR, - SFr

DDW = chtot : ]RW

where:
DD, = daily dose by animal ingestion (mg/kg BW/d)
DDp = daily dose by plant ingestion (mg/kg BW/d)
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DD, = daily dose by water ingestion (mg/kg BW/d)

DD,,, = daily dose by sediment ingestion (mg/kg BW/d)

o = concentration of constituent in ingested animal tissue (mg/kg or pCi/g)
Cp = concentration of constituent in ingested plant tissue (mg/kg or pCi/g)
IRF = food (plant or prey, as applicable) ingestion rate of receptor (kg/'kg BW/d)
IRy = water ingestion rate of receptor (kg/kg BW/d)

F, = fraction of diet from animals (unitless)

Fp = fraction of diet from plants (unitless)

C.s = concentration of constituent in ingested sediment (mg/kg or pCi/g)
SEFr = soil ingested per unit of food ingested (unitless)

C.cor = concentration of constituent in water column (mg/L or pCi/L)

Proportion of contaminated food and media (P; and P,,), absorption efficiency (4E), the area use
factor (AUF), and the temporal use factor (7UF) are assumed to be equal to 1, so they do not appear in the
exposure equations.

8.2.43  Receptor-specific Exposure Equations for Aquatic Receptors
The complete equations for DD and C, for each receptor are presented below.

Herbivore: Canada Goose (Trophic Level 2)

Canada geese are herbivores that ingest aquatic plants, but they ingest water and sediment also with their
food. Thus,

DD =DDp+DD,,;+ DDy, or (Equation 8-13)

DD, =Cyp- IR, - Fp+C,, - IR SFr+C,,,, - IR,

Goose wetot

where DDp, DDy and DD, are as given above. The Canada goose food ingestion rate (/Rr), water
ingestion rate (/R,,), and dietary fractions (¥» and SF¥) are given in the receptor profiles in

Section 8.1.3.3. The aquatic food web (Figure 8-9) shows the prey types for the Canada goose. The
Canada goose will be assumed to have an exclusive diet of aquatic plants.

Canada goose tissue concentrations of ROPCs will be calculated by an equation adapted from the
SLERAP Equation 5-11:

CGoose = CTP : BCFP : FP + Csed : BCFS + chtot : BCFW : PW -CF
where:

Ceoose = concentration in receptor tissue (mg/kg or pCi/g)

Crp = concentration in ingested plant tissue (mg/kg or pCi/g)

Fp = fraction of diet from plants (unitless)

BCFp = plant-to-tissue uptake factor for receptor (mg/kg FW tissue per mg/kg plant)
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C,s = concentration of constituent in ingested sediment (mg/kg or pCi/g)

BCFs = sediment-to-tissue uptake factor for receptor (mg/kg FW tissue per mg/kg DW
sediment)

C,.oi = concentration of constituent in unfiltered water from Columbia River maximum
location (mg/L or pCi/L)

BCF, = water-to-tissue uptake factor for receptor (kg FW tissue per mg/L. water)

P, = proportion of consumed water that is contaminated (unitless)

CF = conversion factor for radionuclides, 0.001 pCi/kg to pCi/g

For ROPCs, the tissue concentration resulting from ingested water (C,,..., X BCFy x Py) must be
converted from pCi/kg to pCi/g by multiplying by 0.001 kg/g. Sediment-to-tissue uptake factors (BCF),
plant-to-tissue uptake factors (BCFp), and water-to-tissue uptake factors (BCFy) for the Canada goose are
reported in Supplement 4.

Carnivore: Spotted Sandpiper (Trophic Level 3)

Spotted sandpipers are carnivores that ingest benthic invertebrates, but they also ingest water and
sediment with their food (Figure 8-9). Thus,

DD=DD,+DD,;+ DDy, or (Equation 8-14)

DD =Cupy IR F, +C_ ;- IR.-SFr+C, ., - IRy

Piper
where DD 4, DDy, and DD, are as given above. The spotted sandpiper food ingestion rate (/Rr), water
ingestion rate (/R,,) and dietary fractions (¥, and SFr) are given in the receptor profiles in Section 8.1.3.3.
The aquatic food web (Figure 8-9) shows the prey types of the spotted sandpiper. To evaluate exposure
specifically from sediment, the spotted sandpiper is assumed to have an exclusive diet of benthic
invertebrates.

Sandpiper tissue concentrations of ROPCs will be calculated by an equation adapted from EPA draft
guidance (SLERAP Equation 5-13). FCMs (FCMj; for trophic level 3) are used to account for
bioaccumulation from ingested animal tissue. Bioaccumulation is the process whereby certain toxic
substances collect in living tissues, and biomagnification is the transfer and concentration of chemicals
through successive trophic levels via ingestion of prey. The FCM ratios are used to estimate the
biomagnification for ingestion of lower trophic food by higher trophic level animals. See Section 8.2.5.3
for more details on FCMs.

FCM

Criper = Crp WA/[E F,+Cyy BCFs+C,p - BCFy, - CF

where:
Cpyper = concentration of constituent in receptor tissue (mg/kg or pCi/g)
Cwv = concentration of constituent in prey tissue (mg/kg or pCi/g)
FCM; = food-chain multiplier for the receptor (unitless)
FCM, = food-chain multipliers for ingested prey type (unitless)
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Fy = fraction of diet from benthic invertebrate tissue (unitless)

C.a = concentration of constituent in ingested sediment (mg/kg or pCi/g)

BCFs = sediment-to-tissue uptake factor for receptor (mg/kg FW tissue per mg/kg DW
sediment)

C,.oi = concentration of constituent in unfiltered water from Columbia River maximum
location (mg/L or pCi/L)

BCF, = water-to-tissue uptake factor for receptor (kg FW tissue per mg/L. water)

CF = conversion factor of 0.001 kg/g (to convert pCi/kg to pCi/g) for ROPCs

For ROPCs, the tissue concentration resulting from ingested water (C,, ..., X BCFy) must be converted
from pCi/kg to pCi/g by multiplying by a conversion factor (CF) of 0.001 kg/g. Because the diet of the
spotted sandpiper is assumed to be benthic invertebrates, Fjy, = 1. The FCMs for the sandpipers (FCM;)
and their invertebrate prey (F'CM,), along with sediment-to-tissue bioconcentration factors (BCFs) and
water-to-tissue bioconcentration factors (BCFy), are reported in Supplement 4.

Carnivore: Great Blue Heron (Trophic Level 4)

Great blue heron are carnivores that ingest planktivorous fish, omnivorous fish, and small invertebrates,
but they also ingest water with their food (Figure 8-9). The SLERA will evaluate the exposure of heron
assuming ingestion of planktivorous fish (Trophic Level 2), omnivorous fish (Trophic Level 3), benthic
invertebrates (Trophic Level 2), and water (Figure 8-9). Thus,

DD =DD,+ DDy, or (Equation 8-15)

DD=C,-IR,-F,+C,,,, - IR,

wciot

where DD, and DD are as given above. In calculating the DDy, it is assumed the heron’s diet consists of
5 % Trophic Level 2 fish, 89 % Trophic Level 3 fish, and 6 % Trophic Level 2 benthic invertebrates
(EPA 1993c¢). The expanded equation for the daily dose to the great blue heron (DDy,,,) is:

DDy =Cr, - IR Fp +Cp - IR+ Fr + Copy  IRp - Fpyy + Co - IRy

Heron wectot

where C o C F o Cvyand are the tissue concentrations of fish for Trophic Levels 2 and 3, and benthic
invertebrates, respectively, as defined in Section 8.2.4.1. F (fraction of diet from Trophic Level 2 fish)
is 0.05, F J (fraction of diet from Trophic Level 3 fish) is 0.89, and Fyy (fraction of diet from benthic

invertebrates) is 0.06. The great blue heron food ingestion rate (/Rr) and water ingestion rate (/R,,) are
given in the receptor profiles in Section 8.1.3.3.

The aquatic food web (Figure 8-9) shows the prey types of the great blue heron.
The great blue heron tissue concentrations of ROPCs will be calculated by an equation adapted from EPA

draft guidance (SLERAP Equation 5-13). FCMs (FCM, for Trophic Level 4) are used to account for
bioaccumulation from ingested animal tissue:

FCM, FCM, FCM,
—F. +C, - -F.+Cy - —F,,, +C,
FCM, F F, FCM, Fy INV FCM, INV welol

. BCF,, - CF

CHeron = CFZ )
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where:

Cheron = concentration of in receptor tissue (mg/kg or pCi/g)

C, = concentration or activity of COPC or ROPC in fish tissue for Trophic Level 3 prey
type (omnivorous fish) (mg/kg or pCi/g)

C, = concentration or activity of COPC or ROPC in fish tissue for Trophic Level 2 prey
type (planktivorous fish) (mg/kg or pCi/g)

Cny = concentration of in prey tissue (mg/kg or pCi/g)

FCM, = food-chain multiplier for the receptor (unitless)

FCM; = food-chain multipliers for ingested Trophic Level 3 prey type (omnivorous fish)
(unitless)

FCM, = food-chain multipliers for ingested Trophic Level 2 prey type (planktivorous fish and
invertebrates) (unitless)

Fr, = fraction of diet from Trophic Level 3 omnivorous fish (unitless)

Fr, = fraction of diet from Trophic Level 2 planktivorous fish (unitless)

Fuy = fraction of diet from benthic invertebrate tissue (unitless)

C,.s = concentration of constituent in ingested sediment (mg/kg or pCi/g)

BCFs = sediment-to-tissue uptake factor for receptor (mg/kg FW tissue per mg/kg DW
sediment)

C,.oi = concentration of constituent in unfiltered water from Columbia River maximum
location (mg/L or pCi/L)

BCF, = water-to-tissue uptake factor for receptor (kg FW tissue per mg/L. water)

CF = conversion factor of 0.001 kg/g (to convert pCi/kg to pCi/g) for ROPCs

For ROPCs, the tissue concentration resulting from ingested water (C,, ..., X BCFy) must be converted
from pCi/kg to pCi/g by multiplying by 0.001 kg/g. Because the diet of the great blue heron is assumed
to be exclusively fish and benthic invertebrates, F. + Fy, + Fjy, =1. As with other receptors, the

contaminated proportion of prey is assumed to be 100 %, thus P, is dropped from SLERAP

Equation 5-13, as presented above. The FCMs for the heron (FCM,) and their planktivorous fish (FCM,),
omnivorous fish (#'CM;), and benthic invertebrate (FCM,), and water-to-tissue bioconcentration factors
(BCFy) for the great blue heron are reported in Supplement 4.

Carnivores: Bald Eagle and Mink (Trophic Level 4)

Bald eagles and mink are carnivores that ingest omnivorous and piscivorous fish and other animals, but
they also ingest water incidentally with their food (Figure 8-9). Ingestion of terrestrial prey at the
Columbia River maximum site will not be evaluated because the concentrations of COPCs and ROPCs in
soil near the Columbia River would be less than at the onsite ground maximum. Ingestion of terrestrial
prey by red-tailed hawks will be evaluated at the onsite ground maximum, where concentrations in
terrestrial prey will be higher than at the Columbia River. Because the exposure of hawks to terrestrial
receptors at the onsite ground maximum is more conservative than exposure of predators to terrestrial
receptors at the Columbia River, the SLERA will evaluate the exposure of mink assuming ingestion of
only omnivorous fish (at Trophic Level 3) and water (Figure 8-9). However, since eagles are known to
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consume salmon, their dose due to prey consumption will be based on Trophic Level 4 fish consumption.
Thus:

DD =DD,+ DDy, or (Equation 8-16)
DDEagle = CF4 : [RF : FA + chmt : IRW
DDMink = CF3 ' [RF ' FA + chmt ' IRW

where DD, and DDy are as given above, and DD is calculated for omnivorous fish (Trophic Level 3)
and carnivorous fish (Trophic Level 4) for the mink and eagle, respectively (£, is assumed to be 1). The
eagle and mink food ingestion rates (/Ry) and water ingestion rate (/R,,) are given in the receptor profiles
in Section 8.1.3.3. The aquatic food web (Figure 8-9) shows the prey types of the bald eagle and mink.

Bald eagle and mink tissue concentrations of ROPCs will be calculated by an equation adapted from EPA
draft guidance (SLERAP Equation 5-13). FCMs (F'CMj; for Trophic Level 3) are used to account for
bioaccumulation from ingested animal tissue:

FCM
Ct‘agle = C["4 : FCMj : FA + chtot : BCFW : CF

FCM
CMinkZCFa' 4'FA+CW(‘,0'BCFW'CF

> FCM, !
where:

Craglesine =  concentration of receptor tissue (mg/kg or pCi/g)
Cp, = concentration of carnivorous fish (Trophic Level 4) tissue (mg/kg or pCi/g)
Cp, = concentration of omnivorous fish (Trophic Level 3)tissue (mg/kg or pCi/g)
FCM, = food-chain multipliers for the receptor (unitless)
FCM; = food-chain multipliers for ingested prey type (unitless)
F, = fraction of diet from omnivorous fish tissue (unitless)
Coion = concentration of constituent in unfiltered water from Columbia River maximum

location (mg/L or pCi/L)
BCFy = water-to-tissue uptake factor for receptor (kg FW tissue per mg/L water)
CF = conversion factor of 0.001 kg/g (to convert pCi/kg to pCi/g) for ROPCs

For ROPCs, the tissue concentration resulting from ingested water (C,,.,,, X BCFy) must be converted
from pCi/kg to pCi/g by multiplying by 0.001 kg/g. Because the diet of the mink and the diet of the eagle
are assumed to be exclusively fish, £/, = 1. For the mink, a realistic diet would require the addition of a
term for ingestion of plants which would result in a less conservative estimate of tissue concentration.
The FCMs for the eagle and mink (#CM,) and their omnivorous prey (#C»M;), and water-to-tissue
bioconcentration factors (BCFy) for the bald eagle and mink, are reported in Supplement 4.
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8.2.44 External and Internal Radiation Dose

The total radiological dose to all receptors is calculated as the sum of the external and internal radiation
doses.

DD = DD, + DD, (Equation 8-17)
where:

DD = total radiation dose to the receptor (rad/day)

DDy = total external radiation dose (rad/day)

DD, = internal radiation dose (rad/day)

External doses to all aquatic biota and benthic invertebrates result from exposure to ROPCs in water and
sediment. Wildlife receptors (Canada goose, sandpiper, heron, eagle, and mink) are exposed externally to
ROPCs in air and water. The internal dose to plants and benthic invertebrates results from the uptake of
radionuclides into their tissues from water and sediment. The internal dose to wildlife and fish receptors
results from the uptake of radionuclides into their tissues from ingested food, water, and sediment. The
fraction of time receptors spend immersed in sediment, on sediment, immersed in water, and in the
proximity of water are scientific judgment based on narrative information about the receptors in published
or internet wildlife biology articles, as given below.

External Dose

External radiation from water and sediment will be modeled as described by Blaylock, Frank, and
O’Neal (1993). Radiation doses will be adjusted for the fraction of time that the receptors are assumed to
be immersed in water away from sediment, or near enough to the water to receive external radiation
(swimming on the surface or at the river bank), resting on sediment, and immersed in sediment. Those
fractions were selected by scientific judgment based on narrative information about the receptors in
published or internet wildlife articles. They are assumed to be:

Fraction of Fraction of Fraction of Fraction of
time on/near time immersed time resting time immersed
water surface in water on sediment in sediment

Benthic invertebrates 0 0.1 0 0.9
Aquatic biota 0 0.9 0.1 0
(including plants and

salmonids)

Canada goose 0.5 0 0 0
Spotted sandpiper 0.5 0 0 0
Great blue heron 0.5 0 0 0
Bald eagle 0.05 0 0 0
Mink 0.2 0 0 0
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The birds and mink will also be assumed to receive external radiation from air. Note that it is assumed
the Canada goose, spotted sandpiper, and great blue heron spend 50 % of the time sufficiently away from
water and sediment such that there is negligible exposure due to radionuclides in the water and sediment.
Likewise, the mink is assumed to spend 80 % of the time away from water and sediment, and the bald
eagle spends 95 % of the time in flight or perched such that there is negligible exposure due to
radionuclides in the water and sediment.

As presented in Section 8.2.3.4, the external dose (rad/day) to all receptors for a given radionuclide will
be calculated as:

DDg= Z(ROPC Concentration - Dose Conversion Factor)

where DD, is the external radiation dose (rad/day). The external doses (rad/day) to all aquatic receptors

from water, sediment, and air will be calculated, respectively, as follows:

DD, =DD, +DD, +DD,

rrrrr

where:
DD, = total external radiation dose (rad/day)
DD, = external radiation dose from immersion in water (rad/day)
DDy =~ = external radiation dose from sediment (rad/day)
DD, = external radiation dose from air (rad/day)

air

The external dose from water exposure includes both immersion and time spent on or near the water
surface. The external daily dose due to water proximity and contact is:

DDEW,(,,_ = DDnear + DDimm
where:
DD, = external radiation dose from water (rad/day)
DD,,, = external dose from exposure on or near water (rad/day)
DD,,, = external dose from exposure due to water immersion (rad/day)

Receptors immersed in water will be exposed to beta and gamma radiation. Receptors on the surface or
in direct proximity to water will receive exposure to gamma radiation. Alpha radiation (for both near
water and immersion exposures) and beta radiation (for near water exposures) are not assumed to
contribute to the external dose factor because they do not penetrate enough to cause exposure. For
example, Sr-90 and Sr-92 both have beta radiation with an energy of 0.196 MeV; Sr-90 has no gamma
radiation, whereas Sr-92 has gamma radiation. The DCF associated with a 15-cm thick soil source for
Sr-90 is 3.72E-21 Sv/s per Bq/m’, whereas the DCF for Sr-92, under the same scenario, is 3.88E-17 Sv/s
per Bg/m’. In this case, the external beta radiation causes only about 1/10,000 of the dose. Similarly, for

Page 8-65



0 ~1I Nt kW~

10
11

12
13
14

15
16
17
18
19
20
21
22

23
24

25
26
27

28
29
30

31
32
33
34

35
36

37

38
39

40

24590-WTP-RPT-ENV-14-002, Rev 0
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

alpha radiation, Sm-146, Sm-147, Gd-148, and Gd-152 have alpha radiation but neither beta nor gamma,
thus their DCF's are 0.

The external dose for water immersion ( DD,,,,, ) and near or surface water contact (DD,,.,) is derived

from Blaylock, Frank, and O’Neal (1993) and is calculated as:

(Blaylock et. al. (1993), Eq. 2)

near i wctot

DD,,,, =F,, - E,-(1- 4bF,} CFa-CF-C

DD, = Fyp+|Ey - (1= 4bF, )+ E, - (1= AbF, )| CFa- CF-C (Blaylock et. al. (1993),

Egs. 2 and 6)

imm welot

Factoring C,,.,;, substituting variables to represent the dose factor yields the following equations:

DDy =(F, - E, (- 4bF, ) CFa- CF + F,,,,-|E; - (1~ 4bF, )+ E, (1~ 4bF, )|} CFa-CF)-C,,,, or

n imm
)C

water wciot ?

DD,  =(DCF,,,, + DCF,

near imm

C

wciot

or

wclot ?

DD, =DCF

water water

Thus, the external dose to an aquatic receptor due to water exposure to a ROPC will be calculated
according to:

DD, =DCF,

water

C

wciot ?

and

DF,

water

:l(Fnear_"F' ) Ey(l_Abe)‘f'F

imm imm

-E,-(1- AbF, ) CFa- CF

where:

DD, = external radiation dose from water (rad/day)

DCF,...= factor for converting activity of radionuclide in water to external dose from
exposure to water in units of rad/day per pCi/g (DCF e = DCF o + DCF 1)

DCF,.,, = factor for converting activity of radionuclide in water to external dose from
exposure near water, or due to surface water in units of rad/day per pCi/g
(DCE,,,, =F,, - E,-(1- 4bF,) CFa-CF )

near i

DCF,,,, = factor for converting activity of radionuclide in water to external dose from
immersion water, in units of rad/day per pCi/g

( DCFypy = Fy | E5 - (1= 4bF, )+ E, - (1~ 4bF, )| CFa- CF )

Fipm = fraction of time receptor spends immersed in water (unitless)

Foroar = fraction of time receptor spends near or swimming on the surface of the water
(unitless)

AbFy; = absorbed fraction of energy from beta energy £ (unitless)

Ey = average energy emitted as beta radiation x proportion of disintegrations producing a

beta-particle (MeV per disintegration)

AbF, = absorbed fraction of energy from gamma energy £, (unitless)
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E, = photon energy emitted during transition from a higher to a lower energy
state x proportion of disintegrations producing gamma radiation
(MeV/disintegration)

CFa = unit conversion factor, 5.12 x 107 rad/day per pCi/g per MeV/disintegration

CF = factor to convert L to g (0.001 L/ml x 1 ml/g = 0.001 L/g)

Ccron = concentration of constituent in unfiltered water from Columbia River maximum
location (mg/L or pCi/L)

AbF ,and E, for each ROPC are reported in Supplement 4 for all ROPCs. To calculate external exposure
to all aquatic receptors from ROPCs in water, DCF,,., values will be multiplied by the modeled total
activities of the corresponding radionuclides in surface water at the Columbia River maximum location.
The external dose from sediment exposure includes both exposure to the water/sediment interface, and
time spent buried in the sediment. The external daily dose due to sediment immersion and contact is:

DD,  =DD,,,+DD

s/w sed imm
where:
DD, =~ = external radiation dose from soil (rad/day)
DD,,, external dose from exposure on sediment/water interface (rad/day)
DD,y i = external dose from exposure due to immersion in sediment (rad/day)

Following the logic of Blaylock, Frank, and O’Neal (1993), the external dose for sediment contact
(DDyy,) and sediment immersion (DD, ) Will be calculated as:

DD,,, =05F,, -|E;-(1- 4bF, )+ E, - (1- 4bF, ) CFa-C,, (Blaylock et. al. (1993),
Eqgs. 3 and 7)
DD,y i = Fro " | Eg - (1= 4bF; )+ E, - (1= 4bF, )| CFa-C,,, (Blaylock et. al. (1993),
Egs. 2 and 6)

Factoring C,,4, substituting variables to represent the dose factor yields the following equations:

0.5F,,, -|E,-(1- 4bF, )+ E,-(1- 4bF,)| CFa+
DD, = . or
fa |\ F o [E,-(1- 4bF, )+ E, -(1- 4BF, )] CFa el

+ DCF

sed ,imm

DD, =(DCF,

s/w

)- Ciy-0r
DDEM, = DCFved : Csed

Thus, the external dose to an aquatic receptor due to sediment exposure to a ROPC will be calculated
according to:

DD, =DCF,,-C,,,and

sed °
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DCFved = (O'SFY/W + Fved,imm ) lEﬂ . (1 - AbFﬂ )+ E}/ . (1 - Abe )J CFCI Csed
where:
DD, =~ = external radiation dose from soil (rad/day)
DCF,,, = factor for converting activity of radionuclide in sediment contact and immersion to

external dose from exposure to the sediment in units of rad/day per pCi/g
(D CFved =D CFv/w +D CFved, imm)

DCF,, = factor for converting activity of radionuclide in sediment/water interface to external
dose from exposure to the sediment/water interface in units of rad/day per pCi/g

(DCF,,, =0.5F,,,-|E;-(1- 4bF; )+ E, -(1- 4bF, )} CFa)

DCF.yimm = factor for converting activity of radionuclide in sediment to external dose from
exposure due to burial in sediment, in units of rad/day per pCi/g
(DCF, = Fed imm” lEﬂ ’ (1_ AbFﬂ )+ Ey ) (1_ Abe)J' CFa)

sed ,imm

0.5 = factor to account for assumption that a receptor at the sediment-water interface
receives external radiation from sediment only from below, so the dose is only half
of the dose from immersion (unitless)

F, = fraction of time receptor spends at the sediment-water interface (unitless)

Fo.q = fraction of time receptor spends buried in sediment (unitless)

Eg = average energy emitted as beta radiation % proportion of disintegrations producing
a P -particle (MeV per disintegration)

AbFy = absorbed fraction of energy from beta energy £y (unitless)

E, = photon energy emitted during transition from a higher to a lower energy state
(MeV) x proportion of disintegrations producing y radiation (Me V/disintegration)

AbF, = absorbed fraction of energy from gamma energy E, (unitless)

CFa = unit conversion factor, 5.12 x 10” rad/day per pCi/g per MeV/disintegration

Immersion in sediment exposes receptors to a static, direct-contact interface with the contaminated media.
Accordingly, a portion of the external dose while immersed in sediment can be attributed to radionuclide
daughter products. Because immersion air and river water are not static (i.e., the air and water are in
continuous motion), the impact of daughter products is assumed to be insignificant due to limited
non-static contact. Terrestrial exposure due to soil contact is not considered a direct-contact interface
(that is, continuous and complete immersion of the receptor is disrupted by air and vegetation because of
the nature of burrows and dens). Therefore, the external dose due to daughter products in soil is assumed
to be negligible.

The exposures of aquatic receptors to ROPCs in sediment is calculated by assuming that the decay
products of all short-lived ROPCs in sediment are in secular equilibrium. The activities of each of the

daughter radionuclides are, therefore, equal to the activity of the parent multiplied by the fraction of the
decays in the immediately preceding generation that yield the daughter radionuclide.

DCF, = DCF ., ¥
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where

DCFp = the dose factor of the daughter product
DCF e =  the dose factor of the parent isotope

¥

yield of the daughter product from the decay of the parent isotope (percent)

For example, the activities of radium-225, actinium-225, francium-221, astatine-217, and bismuth-213 are
assumed to be equal to the activity of their parent, thorium-229. However, when bismuth-213 decays,
97.8 % of the decays yield polonium-213 and 2.2 % of the decays yield thallium-209. Therefore, the
activities of polonium-213 and thallium-209 are assumed to be 97.8 % and 2.2 %, respectively, of the
activity of thorium-229. Exposure factors for the daughter radionuclides were used to calculate the
summed exposures from the ultimate parent and all of the daughter radionuclides for both external and
internal radiation from exposure to sediments; thus, for an ROPC that undergoes decay:

D CFved +D = D CFved parent + Z D CFved D
i=1

where

DCF.4.p = factor for converting activity of radionuclide (and its daughter products) to external
dose from exposure to the sediment in units of rad/day per pCi/g

DCF,,, = factor for converting activity of the parent radionuclide to external dose from
parent

exposure to the sediment in units of rad/day per pCi/g

I

Z DCF,, = sum of the daughter product dose factors for each applicable daughter product

P (1 through ») for converting activity of the daughter product to external dose from
exposure to the sediment in units of rad/day per pCi/g

The dose factor for each daughter product is calculated using the energy (£) and absorption factor (45F)
appropriate to the daughter product in accordance with the equations above. The fraction of time a
receptor spends immersed in water, near the water, or swimming on the surface of the water must also be
applied when computing the contribution of daughter products to a ROPC dose factor.

Values of F,, and F,, are reported in Supplement 4 along with AbFj, Es, AbF,, and E, for all ROPCs and
their daughters. To calculate external exposure to all aquatic receptors from ROPCs in water and
sediment, DCF,, .- and DCF ., values will be multiplied by the modeled activities of the corresponding
radionuclides in surface water and sediment at the Columbia River maximum location.

Per EPA (1993c or Eckerman and Ryman 1993), the external dose (rad/day) to all wildlife receptors from
air will be calculated as:

air’ Ca

DCD; = DCF,
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where:
DD, = external radiation dose from air (rad/day)
C, = activity of the ROPC in air, calculated as described in Section 6.1 (pCi/m’)
DCF,;, = factor for converting activity of the ROPC in air to external dose from air (rad/day
per pCi/m’

Note: This equation first appears in Section 8.2.3.4.

The external dose conversion factor for air (DCF ;) will be calculated as follows:
DCF,;, =32 %10’ DCF

where:

conversion factor to convert Sv/s per Bg/m’ to rad/day per pCi/m’® (Eckerman and
Ryman 1993)

DCF = dose conversion factor for external radiation from immersion in air (Sv/s per
Bg/m’, Eckerman and Ryman 1993)

3.2 % 10°

Note: The equation for DCF,;, first appears in Section 8.2.3.4.

For all ROPCs, values of DCF for air are reported in Supplement 4. To calculate external exposure to all
aquatic receptors from ROPCs in air, DCF values will be multiplied by the modeled activities of the
corresponding radionuclides in air at the Columbia River maximum location.

Internal Dose

The internal exposure to radionuclides is calculated from the activity in tissues rather than from the daily
ingestion. The internal activities of ROPCs are calculated by using BCFs and ROPC activities in
sediment, food, and water (see Section 8.2.4.3). Internal radiation doses are calculated by multiplying the
activity in tissues by the sum of alpha, beta, and gamma decay energies, where alpha and beta energies
are assumed to be completely absorbed. Because gamma rays, like X-rays, may pass through the tissues
without depositing their energy, gamma energies are adjusted to account for greater absorption by larger
organisms at a given energy level and for greater absorption by all receptors at lower energy levels. For
radionuclides in sediment, radiation by daughter radionuclides was also included in internal dose
calculations. Daughter radionuclides are produced by decay of parent radionuclides and short-lived
radionuclides could be expected to contribute to the receptor’s internal dose. As previously discussed,
exposures are calculated by assuming that the decay products of all short-lived ROPCs are in secular
equilibrium and equal to the activity of the parent multiplied by the fraction of the decays in the
immediately preceding generation that yielded the daughter radionuclide. Decay energies (Eckerman and
Ryman 1993) and absorption fractions for gamma radiation (Blaylock, Frank, and O’Neal 1993; Sample
et al. 1997) of daughter radionuclides are reported in Supplement 4.
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Adapting the equations of Sample et al. (1997), the internal dose (rad/day) to aquatic receptors and
wildlife receptors will be calculated as follows:

DD, = Z OF - Cypor e 4+ E- CF - ABF (modified Sample et al. (1997), Eq. 11)
where

DD, = internal radiation dose (rad/day)

QF = quality factor for relative biological effect of radiation (unitless) (Kocher and
Trabalka 2000)

QF, = 10 for alpha radiation

OFg = 1 for beta radiation

OF, = 1 for beta radiation

Cairomvers = activity of radionuclide in receptor tissue (aquatic plant, benthic invertebrate, or
animal - see Section 8.2.4.3) (pCi/g)

CF = unit conversion factor, 5.12 x 107 rad/day per pCi/g per MeV/disintegration

E = average energy emitted as alpha, beta, or gamma radiation by radionuclide

i x proportion of disintegrations producing alpha, beta, or gamma radiation
(MeV per disintegration)
AbF = absorbed fraction of energy from alpha, beta, or gamma energy (unitless)

The equation above can be expanded to show the variables specific to the types of radiation emitted from
the ROPC.

DD, =(QF, - E, - AbF, + QF ;- E; - AbF, + QF, - E, - AbF, )} CF - C i vy or 4

Substituting variables to represent the dose factor yields:

DD, = DCF, - C ypoe vy or 4 » a0d
DF, =(QFa E, - ADF, + QF ;- E;- ADF, + QF - E - Abe)- CF

where OF,, QF, and QF, are the quality factors of alpha, beta, and gamma radiation (respectively), £,,
Ejp, and E, are the product of the average energy emitted and proportion of disintegrations producing
alpha, beta, and gamma radiation (respectively), and AbF,, AbFj, and AbF, are absorbed fraction of
energy from alpha, beta, and gamma energy (respectively). Other terms are as defined above. Note that
these equations first appear in Section 8.2.3.4. As with sediment exposures, internal exposure dose
factors for aquatic receptors include the contribution of daughter products:

DCF,, , = DCF, e Z DCF, D
=1

where
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DCFr.p = factor for converting activity of radionuclide (and its daughter products) to internal
dose from ingestion of contaminated food in units of rad/day per pCi/g

DCF,

parent

factor for converting activity of the parent radionuclide to internal dose from

exposure in units of rad/day per pCi/g

Z DCF, ' = sum of the daughter product dose factors for each applicable daughter product
i=1 (1 through #) for converting activity of the daughter product to internal dose in units
of rad/day per pCi/g

Values of £ and AbF for each radiation (alpha, beta and gamma) are reported in Supplement 4 for all
ROPCs and their daughters, respectively. To calculate internal exposure to all aquatic receptors from
ingested ROPCs, DCF; values will be multiplied by the modeled activities of the corresponding
radionuclides in receptor tissues at the Columbia River maximum location.

8.2.5 Exposure Variables

The magnitude of exposure of ecological receptors to COPCs and ROPCs in environmental media
depends on various parameters and variables in the above exposure equations. These variables are
discussed in this section. The exposure variables include space and time factors correcting for the
fraction of a receptor’s total exposure that can originate at the exposure location (Section 8.2.5.1),
variables determining the rate of ingestion and absorption of COPCs and ROPCs (Section 8.2.5.2), and
factors accounting for the accumulation in tissues of substances present in exposure media or food
(Section 8.2.5.3). The exposure variables for ecological receptors are briefly discussed below.

8.2.5.1 Space and Time Factors for Exposure Calculations

For wildlife receptors that are exposed to COPCs and ROPCs by ingestion and inhalation, the calculation
of exposure requires exposure factors that quantify the fraction of a receptor’s exposure obtained from the
contaminated site. A receptor may obtain only a fraction of its exposure to a contaminant from the
exposure location as a result of the receptor foraging over an area larger than the exposure location or
spending only a fraction of its lifetime at the exposure location, or both. The exposure assumptions for
use and derivation of area-use and temporal-use factors follow.

Area-Use Factor

The area-use factor (4UF) estimates the fraction of a receptor’s exposure that comes from the exposure
location. The AUF is the smaller of 1 and the ratio of the area of the exposure location and the area in
which a receptor lives or forages, whichever is more appropriate to the routes by which the receptor is
exposed. The AUF is calculated as follows:

AUF=1,if 4 > HR
AUF = A/HR , if A < HR

where:
AUF = areause factor (unitless)
A = area of exposure (ha)
HR = home range of the receptor (ha)
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For the SLERA, the AUF will be assumed to be 1 for all receptors. This assumption is highly
conservative for wide-ranging receptors such as mule deer, coyote, red-tailed hawk, and bald eagle.

Temporal-Use Factor

There are several approaches to dealing with the temporal aspect of exposure. The first approach is to
assume, conservatively, that receptors are exposed throughout their lifetime to COPCs and ROPCs
present at the exposure location. The second approach is to estimate the temporal-use factor (7UF) as the
fraction of time each year that a receptor is in the vicinity of the exposure location during which it forages
or resides at the exposure location. The remaining time is assumed to be spent in an area free of
contamination from the source being evaluated.

For the SLERA, the TUF will be assumed to be 1 for all receptors. This assumption is appropriate
because some species at each trophic level are nonmigratory year-round residents, even if the specific
receptor species evaluated may not be.

8.2.5.2  Uptake Variables

The exposure equations for ecological receptors include parameters for body weight, the ingestion rate,
and dietary distribution of ecological receptors and the efficiency of absorption of COPCs and ROPCs
from ingested media. Where possible, data was taken from published sources (especially EPA 1993a,
1999) and Sample et al. (1997). In some cases, measured values were not available. However, EPA
1993a provides allometric equations that allow various intake parameters to be calculated from the
receptor’s body weight. These equations were derived by fitting curves to the measured parameters for
animals with various body weights but with similar metabolic characteristics. Such parameters as total
food ingestion and water ingestion depend on the caloric requirements and metabolic rate of the receptor,
both of which are related to body weight. Allometric equations were used to calculate the water ingestion
rates for the mourning dove and western meadowlark and the total food ingestion rates for the mourning
dove and spotted sandpiper. Source data included allometric calculations of the food ingestion rate of the
great blue heron and water ingestion rates of coyote, red-tailed hawk, Canada goose, spotted sandpiper,
great blue heron, bald eagle, and mink. Uptake variables are shown in the receptor parameter descriptions
in Section §.1.3.3.

Ingestion Rates

The magnitude of exposure of ecological receptors to COPCs and ROPCs in environmental media
depends on the rate of intake of the contaminated media. For wildlife receptors exposed by ingestion,
receptor-specific ingestion rates are required to estimate exposure. Published values for food
ingestion (/Ry), soil and sediment fraction (SFr), and water ingestion (/R ) will be used to estimate
exposure.

Absorption Efficiency

Substances ingested or inhaled by ecological receptors are absorbed and taken up into the receptor’s cells
and organs to varying degrees. The efficiency of absorption depends on the relative affinity of the
substance for the environmental medium (soil, particulate, sediment, water, and tissue) and on the relative
affinity of the substance for the receptor’s tissues. For both the PRA and the FRA, the absorption
efficiency (4F) for ingested media will be assumed to be the same as or 100 % of the actual absorption of
the contaminant in the experiment or field observation used to derive the TRV. Therefore, AE does not
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appear in the exposure equations. This assumption is conservative for COPCs and ROPCs ingested as
soil, sediment, or particulates in water.

8.2.5.3  Bioconcentration Factors for Calculating Terrestrial Exposures

The calculation of exposure for ecological receptors may require one or more bioaccumulation and
transfer factors. These factors are used to estimate the concentration in the tissue of an organism from the
concentrations in the contaminated media to which it is exposed. Such factors are required to estimate
exposure for wildlife receptors, such as mammals and birds, that are exposed to COPCs and ROPCs in
soil or water by ingestion of soil, water, plants, or soil-dwelling invertebrates or other wildlife when the
concentration in the ingested organism is not measured directly (Figure 8-12). In each case, the
numerator of the factor must have units corresponding to the units of concentration in the medium taking
up the substance (tissue), and the denominator must have units corresponding to the units of concentration
in the “source” medium (soil, water, or tissue). The rules for use and derivation of bioaccumulation or
transfer factors follow:

Direct Deposition-to-Plant Tissue Transfer Factor

The uptake of COPCs and ROPCs by direct deposition to leaf surfaces, including transfer factors, is
discussed in Section 6.6.1.

Air-to-Plant Tissue Transfer Factor

The uptake of COPCs in vapor, including transfer factors, is discussed in Section 6.6.2.

Soil-to-Plant Bioconcentration Factor

The concentration in aboveground portions of plants through root uptake from soil is a function of the
COPC- and ROPC-specific soil concentration (see Section 8.2.3.1) and COPC- or ROPC-specific plant
BCF. The BCF is the ratio of the COPC or ROPC concentration in plant tissue to the COPC or ROPC
concentration in soil. The BCF will be used to estimate the tissue concentration in plants exposed to
COPCs and ROPCs in soil from the concentration of COPC or ROPC in bulk soil. The exposure
evaluation will consider three kinds of BCF: measured or empirically derived values, mass-limited values,
and bioaccumulation equivalency factors (BEF's), as well as methods to calculate concentrations of
carbon-14 and tritium in plants.

Measured or Empirically Derived Values. When measured or empirically derived BCFs are used, the
concentrations of COPCs and ROPCs from soil in plant tissue are proportional to the concentrations in
soil. That is:

ek, =S (SLERAP Eq. 5-2)
CM
where:
BCF, = bioconcentration factor (unitless [soil, sediment], or L/kg [water])
Crp = constituent concentration in plant (mg/kg or pCi/g)
Cy = constituent concentration in media (mg/kg or pCi/g [soil, sediment], or mg/L or pCi/L
[water])
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Concentrations are estimated for plant tissues that are fed upon by wildlife receptors.

Values of BCF, are reported in Supplement 4. The first choice for BCF, values will be EPA (1999)
values, and values developed using EPA methods. Per EPA draft guidance (1999), values of BCF, for
organic COPCs for which no field or laboratory data is available are estimated using the Travis and Arms
(1988) regression on K,,,:

log BCF, = 1.588 — (0.578 x log Ky, (SLERAP Eq. C-1-2)

K, and log K, values are reported in Supplement 4. Where K,,,, values were not available, they were
calculated by using EPA’s EPI Suite "™ software, which calculates physical properties of organic
chemicals from structure/activity relationships.

Travis and Arms (1988) measured soil-to-plant uptake values for 29 organic chemicals (primarily
pesticides) to establish a linear relationship between these two parameters. The equations used to
calculate BCFs rely on empirical data from a few chemicals, plants, and growing media to extrapolate to
all other organic chemicals and growing situations. As noted by EPA (1999), this regression equation,
derived from experiments conducted on three classes of compounds (pesticides, PCDDs, and PCBs), may
not accurately represent the behavior of all organic COPCs under site-specific conditions, and further
research is needed to evaluate the applicability and limitations associated with the use of this equation for
all classes of compounds.

Per EPA draft guidance (1999), recommended BCF, values for inorganic elements are values published in
Baes et al. (1984), Cappon (1981), and EPA (1992, 2005). For inorganic COPCs and ROPCs with no
published measured or estimated data, the arithmetic average of the available BCF, values for the other
inorganics will be used as the BCF (EPA 1999).

Mass-Limited Values. In some cases, Equation C-1-2 in the SLERAP (Travis and Arms 1988) predicts
the accumulation in plants of more organic COPC than is deposited on the soil (see Section 6.6.3.3 for a
detailed discussion). Mass-limited BCF caps were derived for organic COPCs by (1) assuming that all of
the COPC emitted from the WTP and deposited on the soil is taken up by the plants, (2) calculating the
concentration of COPC in all of the plants in 1 m?, and (3) dividing that concentration by the
concentration of COPC in the soil if all of the COPC is mixed in the rooting zone, which is the upper

15 cm.

The maximum possible uptake factor is calculated as shown in the following equations:

Maximum possible _ Total COPC deposited (mg/m®) / Plant mass density (kg/m?)

bioconcentration factor Total COPC deposited (mg/m?) / Soil density (kg/m”)

This equation can be reduced to:

Maximum possible _ Soil density (kg soil/m?)

bioconcentration factor Plant mass density (kg plant/m’)

(Equation 8-19)

The mass of soil per m” is 1300 kg/m® x 15 cm = 195 kg/m®. The mass of plants used as food for
herbivores is assumed to be the yield of forage, which is 0.15 kg/m®. A plant yield value 0.15 kg/m’ for
forage was derived from a value of 1,500 kg/ha dry yield for Richland, Washington (Wisiol 1984, refer to
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Table 6-5). Therefore, the mass-limited BCF, is 195/0.15 =1300. All of the published or calculated
values of BCF, presented in Supplement 4 are less than that upper limit, so the mass-limited BCF, was not
used.

Bioconcentration Equivalency Factors. The EPA recommends using BEF's to estimate the
bioconcentration of PCDD and PCDF congeners for which field or laboratory measurements are not
available. The BEF is the predicted ratio of bioaccumulation of a PCDD or PCDF congener in soil to the
bioaccumulation of 2,3,7,8-tetrachlorodioxin (TCDD) (EPA 1999). BEFs were used by EPA (1999) to
calculate the values for BCF presented in Supplement 4 for PCDD and PCDF congeners.

BCF, = BCF,,,, - BEF, (SLERAP Egq. 2-6)

i
where:

BCF; = media-to-animal or media-to-plant bioconcentration factor for /" congener
(L/kg [water], unitless [soil and sediment])

BCFrepp = media-to-receptor BCF for 2,3,7,8-TCDD (L/kg [aquatic receptor], unitless [soil
and sediment receptor])

BEF; = bioaccumulation equivalency factor for i congener (unitless)

Carbon-14 and Tritium. BCFs are used for all ROPCs except carbon-14 and tritium. Exposure
calculations for most ROPCs are based on the assumption that radionuclides are present as particulates or
vapors. However, special consideration must be given to carbon-14 and tritium (hydrogen-3), as these
ROPCs are processed by vegetation with natural carbon and hydrogen, respectively. Thus, the vegetation
pathways for carbon-14 and tritium are dependent on the exchange of carbon and hydrogen between
plants and the environment. For this assessment, guidance from Regulatory Guide 1.109 (NRC 1977) is
used to account for the bioaccumulation of carbon-14 and tritium in plants. This is done through the use
of correction factors, along with the assumption that all carbon-14 is released by the WTP in oxide form
(CO or CO,) and tritium is released as water vapor. These correction factors are applied to the air
concentration (e.g., pCi/m’) estimated at the point of exposure by the air model.

The concentration of carbon-14 in vegetation is calculated assuming that its ratio to the natural carbon in
vegetation is equal to the ratio of carbon-14 to natural carbon in the atmosphere surrounding the
vegetation as described in Section 6.6.2.

The concentration of tritium in vegetation is based on the equilibrium between moisture in the air and
water in plants as described in Section 6.6.2.

Soil-to-plant uptake values are also used for aboveground protected and unprotected plant parts for human
health exposure (Section 6.6.3).

Soil-to-Terrestrial Invertebrate Bioconcentration Factor

The concentration in terrestrial invertebrates through uptake from soil is a function of the COPC- or
ROPC-specific soil concentration (see Section 8.2.3.1) and COPC- or ROPC-specific invertebrate BCF.
The BCF is the ratio of the COPC or ROPC concentration in invertebrate tissue to the COPC or ROPC
concentration in soil. The BCFs will be used to estimate the tissue concentration in invertebrates exposed
to COPCs and ROPCs in soil from the concentration of COPC or ROPC in bulk soil. The exposure
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evaluation will consider two versions of BCFs: measured or empirically determined values and
mass-limited values.

Measured or Empirically Determined Values. The soil-to-terrestrial invertebrate tissue transfer factor
(BCF) is the ratio of the COPC or ROPC concentration in terrestrial invertebrate tissue to the COPC or
ROPC concentration in soil [(mg/kg ... wet wt)/(mg/kg,.; dry wt)]. The BCF is used to estimate the
tissue concentration of terrestrial invertebrates exposed to COPCs and ROPCs in soil by all exposure
routes (ingestion, direct contact, and inhalation) from the concentration of a COPC or ROPC in bulk soil.
That is:

BCF,,, = Cony (SLERAP Eq. 5-2)
CM
where:
BCF;yy = bioconcentration factor (unitless [soil, sediment], or L/kg [water])
Civr = constituent concentration in the terrestrial invertebrate (mg/kg or pCi/g)
Cuy = constituent concentration in media (mg/kg or pCi/g [soil, sediment], or mg/L or

pCi/L [water])

BCFyy is used for soil-dwelling invertebrates, such as worms or insects, that are an important diet item of
many omnivores, such as pocket mice and meadowlarks. Tissue concentrations will be estimated for
terrestrial invertebrates that are fed upon by wildlife receptors. Although the habitat at most of the
Hanford Site is not favorable to earthworms, earthworms are used as a representative of soil invertebrates
because most of the data about soil invertebrates pertain to earthworms. This is consistent with EPA draft
guidance (EPA 1999), which uses measured uptake factors for earthworms to represent all soil
invertebrates.

The first choice for terrestrial soil-to-soil invertebrate bioaccumulation (BCF ) values will be field or
laboratory values and calculated values for earthworms reported by EPA (1999). Per EPA draft guidance
(1999), recommended BCF - values for inorganic elements with no published field or laboratory data is
arithmetic averages of the BCFyy values available for other inorganics. For organic compounds with no
field or laboratory data, BCFy, values will be calculated with a regression equation described by

EPA (1999):

log BCFyy = 0.819 x log K,,,, - 1.146 (SLERAP Eq. C-1-1)

This equation uses values derived from K,,,s and uptake by daphnids, an aquatic macroinvertebrate,
exposed to polycyclic aromatic hydrocarbons (PAHs) (Southworth et al. 1978). Where no appropriate
published surrogate data is available, no default BCFy, for organic compounds is used.

The BCFyy values are listed in Supplement 4. Note that the earthworm data serves as proxy for the
darkling beetle and other desert terrestrial invertebrates for which there are no known BC#Fyy values.

Mass-Limited Values. In some cases, BCFyy predicts the accumulation in soil invertebrates of more
COPC than is deposited on the soil. Mass-limited BCFy; values were derived for organic COPCs by
(1) assuming that all of the COPC is taken up by the soil invertebrates, (2) calculating the concentration
of COPC in all of the soil invertebrates in 1 m’, and (3) dividing that concentration by the concentration
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of COPC in the soil if all of the COPC is mixed in the rooting zone, which is the upper 15 cm. The
maximum possible uptake factor can be calculated by assuming that all of the COPC deposited in a unit
area of soil in a specified time period is taken up into the mass of soil invertebrates contained in that area
as shown in the following equation.

Maximum possible _ Total COPC deposited (mg/m®) / Soil invertebrate mass density (kg/m?)

bioconcentration factor Total COPC deposited (mg/m?) / Soil density (kg/m”)

This equation can be reduced to:
(Equation 8-20)
Maximum possible _ Soil density (kg soil/m?)

bioconcentration factor Soil invertebrate mass density (kg soil invertebrate/m”)

The mass of soil per m” is 1300 kg/m® x 0.15 m = 195 kg/ m*. The mass of soil invertebrates per m” is
assumed to be 0.04 kg/m” (Gonzalez et al. 1999; average reported for Dacryodes community). Therefore,
the maximum possible BCFyy is 195/0.04 = 4875, The mass-limited maximum possible value is the
same for all organic COPCs because it does not depend on deposition rate or K,,,, rather soil density and
mass density of the receptor. It is mass-limited or deposition-limited because all the mass deposited is
accumulated by the receptor. The lesser of the measured or empirically derived BCFy, and the mass-
limited BCFyy is used to predict constituent uptake.

Bioconcentration Factors to Mammal and Bird Tissues

The transfer factor to tissues (BCF) is the ratio of the COPC or ROPC concentrations in animal tissue to
the COPC or ROPC concentration in the material it ingests [(mg/kgyss. wet wt)/ (mg/kg ingested)]. The
BCF ; is used to estimate the tissue concentration of animals exposed to COPCs and ROPCs by ingestion
of soil, water, and plants from the concentration of COPC or ROPC in the ingested material. The
exposure evaluation will consider two versions of BCF;, measured or empirically derived values and
mass-limited values.

Measured or empirically determined values. The measured or empirically determined BCF, is defined
as:

C

BCF,=—% (SLERAP Eq. 5-2)
Cy
where:

BCF, = bioconcentration factor (unitless [soil, sediment], or L/kg [water])

Cy = constituent concentration in the terrestrial receptor (animal of interest) (mg/kg or
pCi/g)

Cy = constituent concentration in media (mg/kg or pCi/g [soil, sediment], or mg/L or pCi/L
[water])

Tissue concentrations of COPCs are estimated for animals that are fed upon by wildlife receptors, and
tissue concentrations of ROPCs are estimated for all animals.
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For medium-to-tissue accumulation factors for mammals and birds, EPA draft guidance (1999) calls for
the use of Baes et al. (1984) and Travis and Arms (1988) Ba values (d/kg) multiplied by the receptor’s
absolute ingestion rate for the medium (kg-medium/d). Thus, three BCF values are calculated for each
COPC and ROPC and each receptor. The BCF's are calculated using a modified version of SLERAP
equations. The modification is necessary to derive BCFs from ingestion rates reported on a body-weight
basis:

BCFs= Ba x IRr x SFr x BW (modified SLERAP Eq. D-1-1)

BCFp=Bax [Rrx BW (modified SLERAP Eq. D-1-1)

BCFy=Bax IR, x BW (modified SLERAP Eq. D-1-2)
where:

BCFs = soil-to-tissue uptake factor for receptor (kg soil’kg tissue)

BCFp = plant-to-tissue uptake factor for receptor (kg plant/kg tissue)

BCF, = water-to-tissue uptake factor (L water/kg tissue)

Ba = ingestion-to-tissue transfer factor (d/kg)

1Ry = daily food ingestion rate (kg/kg BW/d)

IRy = daily water ingestion rate (kg/kg BW/d)

SEFr = soil ingested per unit of food ingested (unitless)

BW = body weight of receptor (kg)/R,, = ingestion rate of water by receptor (L/kgBW/d)

Note: The equations above first appear in Section 8.2.3.1.

Ba and BCF values are reported in Supplement 4. The first choice for Ba values for mammals was EPA
draft guidance (1999). Ba values for inorganic COPCs and ROPCs that were not included in EPA draft
guidance (1999) were taken from Baes et al. (1984), as recommended by EPA (1999). When published
field or laboratory values for organic COPCs are not available for mammals, EPA (1999) guidance was
followed by using the following regression on K,,,. (Travis and Arms 1988) for organic compounds
(except chlorinated dibenzodioxins and chlorinated dibenzofurans, which use BEFs):

log Ba =log K,,, -7.6 (SLERAP Eq. D-1-4)

Ba values for dioxins/furans presented by EPA (1999) are Ba values presented in EPA (1995a). If neither
a Ba value nor a K,,,, 1s available, no tissue concentration will be calculated.

The first choice for Ba values for birds was EPA draft guidance (1999). Ba values for inorganic COPCs
and ROPCs that were not included in EPA draft guidance (1999) are the same as for mammals. For
organic COPCs (except dioxins/furans) the Travis and Arms (1988) Ba values for mammals were
adjusted for the lower fat content of birds. Per EPA (1999) draft guidance, biotransfer factors for uptake
of organic compounds by birds were adjusted for body fat content by multiplying the biotransfer factor by
0.8, which is the assumed ratio of body fat in birds to body fat in mammals.

Mass-Limited Values. It is possible for Ba values to predict the accumulation of more mass of a COPC
or ROPC than is ingested by the receptor (see Section 7.1.7 for a detailed discussion). The maximum
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possible uptake factor can be calculated by (1) assuming that all of the COPC or ROPC deposited in a
unit area of soil in a specified time period is taken up into the food consumed by animals in that area,
(2) assuming that the food is consumed by the receptor at a uniform rate during its lifetime,

(3) calculating the ingestion rate of COPC or ROPC by the receptor, and (4) assuming that the receptor
accumulates all of the COPC or ROPC during its lifetime. The maximum possible uptake factor is
calculated as shown in the following equation:

Maximum possible _ COPC or ROPC concentration in receptor tissue (mg/kg)

bioconcentration factor Consumption rate of COPC or ROPC (mg/d)

Assuming 100 % of the COPC or ROPC in the ingested food is transferred to the animal tissue, the tissue
concentration can be calculated as:

Total COPC or ROPC ingested (mg COPC or ROPC)

Concentration in receptor tissue =

Tissue weight (kg FW)
The total COPC or ROPC ingested can be expressed as:
Concentration Consumption Exposure
Total COPC or ROPC ingested = . % rate of feed P
in food (mg/kg) (ke/d) duration (d)

Combining equations, the general equation for calculating the mass limited food-to-receptor tissue uptake
factor can be expressed as:

Concentration in Consumption rate of feed Exposure
Mass limited  _ food (mg/kg) (kg/d) duration (d)
uptake factor Tissue weight « Concentration in food « Consumption rate
(kg FW) (mg/kg) of feed (kg/d)

This equation can be reduced to:
(Equation 8-21)
Maximum possible Exposure duration (d)
bioconcentration factor Tissue weight (kg FW)

The lesser of the measured or empirically derived Ba and the mass-limited Ba is used to predict
constituent uptake. Only receptors with high body weights relative to the lengths of their lives could have
mass-limited uptake factors less than the reported or calculated Ba values, and in such circumstances, the
mass-limited Ba value will not be used in lieu of reported or calculated Ba values.

FCMs. FCMs are factors that are used to quantify bioaccumulation through the food chain. As
chemicals from the environment pass up the food chain, they may become successively more
concentrated at each trophic level. This is especially true of organic chemicals that are not metabolized
rapidly. Typically, organic chemicals that dissolve in lipids bioaccumulate because they are stored in
body fat, and the more soluble in lipids the chemical is, the more it bioaccumulates. To model this
tendency quantitatively, EPA (1995b) measured bioaccumulation factors for organic chemicals taken up
through the food chain from water by fish. An FCM was derived for each chemical tested by dividing the
observed BAF by the K,,,. The EPA 1995b was able to show an orderly relationship between FCM and
K, for many organic chemicals taken up by fish at trophic levels 2, 3, and 4. By using this relationship,
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the concentration of a chemical in fish tissue, normalized to lipid content, can be calculated by
multiplying the concentration of the chemical dissolved in water by the BCF of the chemical and by the
chemical’s FCM (refer to SLERAP Section 5.3.2.3).

The EPA (1995b) has published FCMs to describe the ratio of bioaccumulation from animal prey to each
of the trophic levels of aquatic predators. The EPA (1999) has adopted the use of FCMs to estimate the
concentrations of organic COPCs in mammals and birds from ingested animal tissue. The FCMs will be
used to estimate the bioaccumulation of COPCs by ommivores and of ROPCs by all omnivorous and
carnivorous receptors. The FCMs will be used to calculate bioaccumulation from animal prey only.
Bioaccumulation from ingested plants will be calculated by using a BCFp.

The concentration of a contaminant in a predator will be calculated as the concentration in the prey
multiplied by the predator’s FCM and divided by the prey’s FCM. The FCMs for organic COPCs are
reported in Supplement 4, along with K, and log K,,,. Where K, values are not available, default values
are not used.

All FCMs are assumed to equal 1 for both inorganic COPCs and for ROPCs.

8.2.54 Bioaccumulation Factors for Calculating Aquatic Exposures

The calculation of exposure for ecological receptors may require one or more bioaccumulation or transfer
factors to estimate the concentration in the tissue of an organism from the concentrations in the
contaminated media to which it is exposed (Figure 8-13). Such factors are required to estimate exposure
for wildlife receptors, such as mammals and birds that are exposed to COPCs and ROPCs in sediment or
surface water by ingestion of plants, benthic invertebrates, or aquatic biota, when the concentration in the
ingested organism is not measured directly. In each case, the numerator of the factor must have units
corresponding to the units of concentration in the medium taking up the substance (tissue), and the
denominator must have units corresponding to the units of concentration in the “source” medium
(sediment, water, and tissue). The rules for use and derivation of these factors follow.

Water-to-Plant Bioconcentration Factor

The water-to-plant bioconcentration factor (BCFy) is the ratio of the COPC or ROPC concentration in
aquatic plant tissue to that dissolved in water [(mg/kgp .. Wet wt)/(mg/L)]. The BCFy will be used to
estimate the tissue concentration of aquatic plants exposed to COPCs and ROPCs in surface water from
the concentration of COPC or ROPC dissolved in surface water (Figure 8-13). That is:

BCFy = water-to-plant transfer factor for aquatic plant tissue for COPC or ROPC dissolved in
water (L/kgyiane Wet wt)

Aquatic plants will be assumed to be exposed only to the dissolved phase of contaminants in surface
water. Concentrations will be estimated for aquatic plant tissues that are fed upon by terrestrial receptors
(e.g., Canada goose).

BCFy values presented by EPA (1999) are used if they are available. Per EPA draft guidance (1999),
values of BCFy for organic COPCs for which no measured values were available were calculated with an
empirically derived equation for uptake from water by aquatic invertebrates (Southworth, Beauchamp,
and Schmieder 1978). The equation is:
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log BCFy = 0.819 % log K,,, - 1.146 (SLERAP Egq. C-1-4)

Values of BCFy for inorganic COPCs and ROPCs for which no measured values were available were
calculated as the arithmetic mean of all available inorganic BCFs. BCF), values are presented in
Supplement 4.

Sediment-to-Plant Bioconcentration Factor

The sediment-to-plant transfer factor (BCF,,,) is the ratio of the COPC or ROPC concentration in aquatic
plant tissue to that in sediment [(mg/Kgssue Wet Wt)/(Mg/Kg;cdimen: dry wt)]. The SP will be used to
estimate the tissue concentration of aquatic plants exposed to COPCs and ROPCs in sediment

(Figure 8-13). That is:

BCF,; = sediment-to-plant transfer factor for aquatic plant tissue
(kgsediment dry wt/ kgplam wet Wt)

Per EPA draft guidance (1999), BCFs for the uptake from sediment by aquatic plants are assumed to be
the same as BCF values for uptake from soil by terrestrial plants. The BCF,, values for organic COPCs
are taken from EPA (1999). For organic compounds with no field or laboratory data, BCF,,, is estimated
using the Travis and Arms (1988) regression on K,,,:

log BCF,.; = 1.588 — (0.578 x log K,,,) (SLERAP Eq. C-1-2)

The BCF., values for inorganic COPCs are taken from EPA draft guidance (1999), Baes et al. (1984),
and Cappon (1981) and are provided in Supplement 4. BCF,, values for ROPCs are also taken from
Baes et al. (1984) and provided in Supplement 4. Values of BCF,,; for inorganic COPCs and ROPCs for
which no measured values were available were calculated as the arithmetic mean of all available
inorganic BCF,,, values.

Water-to-Fish Tissue Bioconcentration Factor

The COPCs and ROPCs are taken up by fish both directly from water and through the food chain. Direct
uptake will be calculated by using a BCF, and trophic transfer through the food chain will be calculated
by using FCMs. These factors are discussed below.

Direct Uptake. The water-to-fish tissue transfer factor (BCF) is the ratio of the concentration of COPC
or ROPC in the tissue of an aquatic receptor to the concentration in water [(mg/kggssue Wet wt)/(mg/L)].
The fish BCF will be used to estimate the tissue concentration of fish from the concentration in the water
to which the fish is exposed (Figure 8-13). That is:

BCF, = water-to-fish tissue transfer factor (L/kg. wet wt)

The fish tissue concentrations are estimated because fish are consumed by wildlife receptors such as
herons, bald eagles, and mink.

The first choice for BCFs for fish are values reported in EPA draft guidance (1999) or developed using
EPA methods (EPA 1999). For organic compounds for which no measured data were available, BCFs for

fish were calculated using the following regression on the X, (Bintein et al. 1993):

log BCFyy = 0.91 x log K,y —1.975 x log (6.8 x 107 x K,,,+ 1.0)—0.786  (SLERAP Eq. C-1-8)
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For inorganic COPCs and ROPCs for which no measured data is available, per EPA draft guidance
(1999), the BCF ), was estimated as the arithmetic average of available BCF;, values for other inorganics.
BCF ) values are presented in Supplement 4.

FCMs. The EPA (1995b) has published FCMs to describe the ratio of bioaccumulation from entry into
the food chain to each of four trophic levels of predators. The concentration of a contaminant in an
aquatic predator is calculated as the concentration in the prey multiplied by the predator’s FCM and
divided by the prey’s FCM. For example, if a heron, which is a carnivore at Trophic Level 4, has a diet of
omnivorous fish at Trophic Level 3, the resulting concentration of COPC or ROPC in the heron is
calculated as the concentration of COPC or ROPC in the ommivorous fish multiplied by the FCM for
Level 4 and divided by the FCM for Level 3 (Figure 8-13). The FCMs for organic COPCs are reported in
Supplement 4. All FCMs for inorganic COPCs and for ROPCs are assumed to equal 1.

Sediment-to-Benthic Invertebrate Tissue Transfer Factor

The BCFyy is the ratio of the COPC or ROPC concentrations in benthic invertebrate tissue to the COPC
or ROPC concentration in bulk sediment [(mg/kgssue Wet W)/ (Mg/kgsedimen: dry wt)]. The BCFyy is used
to estimate the tissue concentration of benthic invertebrates exposed to COPCs and ROPCs in sediment
by all exposure routes (ingestion, direct contact) from the concentration of COPC or ROPC in bulk
sediment (Figure 8-13). The tissue concentration is estimated for animals that are fed upon by wildlife
receptors. That is:

BCFyy = sediment-to- benthic invertebrate tissue transfer factor
(kgsediment dry Wt/ kgtissue wet Wt)

where the animal is typically a benthic invertebrate, such as a burrowing crustacean or insect, which are
important diet items of predators, such as the spotted sandpiper and certain fishes.

The BCFyy values are available in the literature for only a few COPCs and ROPCs. The first choice for
BCFyy values is field or laboratory values provided by the EPA (1999). Values of BCFyy values for
inorganic COPCs and ROPCs for which no measured values are available are calculated as the arithmetic
mean of all available inorganic BCFpyy values. BCFyy values are reported in Supplement 4,

For organic COPCs for which no measured data is available, BCFy, values for benthic invertebrates were
calculated per EPA (1999) from the octanol water-partitioning coefficient (K,,) using the regression
equation for daphnids (Southworth et al. 1978):

log BCF = 0.819 X log K,,, — 1.146 (SLERAP Eq. C-1-9)

where:

BCFy, = sediment-to-tissue transfer factor for benthic invertebrates
(kgsediment dry Wt/ kgtissue wet Wt)

octanol-water partition coefficient of COPC (L/kg)

K ow

For organic COPCs with log K, values >2.6, the equilibrium partitioning approach will be used
(Section 8.2.3.1). Thus, the calculated BCF )y, will be multiplied by the calculated sediment porewater

Page 8-83



NelocBEN B R N R S

11
12
13
14
15
16
17

18
19
20
21
22

23
24
25
26
27

28
29
30
31
32

33
34
35
36

37
38
39
40
41
42
43
44

24590-WTP-RPT-ENV-14-002, Rev 0
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

concentration rather than the concentration in sediment to calculate the tissue concentration for the
benthic invertebrate.

Surrogate Bioaccumulation Values

Surrogate values for K,,, were used to calculate BCFs for a number of organic COPCs whose structural
and chemical properties are similar to those of the COPCs used as surrogates. The use of surrogates in
BCF calculations is indicated in Supplement 4.

8.3 Effects Assessment Calculations

The TRVs are concentrations or doses of constituents that are associated with a specified level of adverse
effect. The TRVs (e.g., ecological soil screening level [Eco-SSL] [EPA 2003a], equilibrium partitioning
sediment benchmark [ESB], final chronic value [FCV], or secondary chronic value [SCV] [EPA 2003b,
2008]) may be based on a range of concentration or dose benchmarks, including median lethal
concentration (LC50), 20 % effect concentration (EC20), LOAEL, or NOAEL. The TRVs are used as the
denominator in ecological screening quotients (£SQ), as shown in the £SQ equations (Section 8.4).

8.3.1 Toxicity Reference Values for Terrestrial Receptors

The TRV for receptors dwelling in and, thus, exposed by direct contact with soil (plants, terrestrial
invertebrates) are typically values from published sources, if field observations or site-specific toxicity
tests of these media are not available. 7RV are tabulated in Supplement 4.

8.3.1.1 Single Chemical Toxicity Reference Values for Direct Contact with Soil

The TRVs for plants and soil-dwelling invertebrates are derived values associated with some level of
inhibition of growth or reproduction based on a review of published single-chemical laboratory studies
(e.g., Efroymson et al. 1997a and 1997b).

Terrestrial Plants

Toxicity of COPCs to plants is assumed to be a result of uptake from soil into the plant tissues.
Therefore, soil concentrations that are associated with toxicity, usually under experimental conditions, are
used as TRVs. For terrestrial plant 7R Vs, the hierarchy of choices is as follows:

Values from Eco-SSL guidance (EPA 2003a)

Values from EPA draft guidance (EPA 1999)

Values from MTCA (Ecology 2001)

Values from Efroymson et al. (1997a)

Values in the ECOTOXicology database (ECOTOX) (EPA 2010)

| N U N

The COPCs with no TRV's will not be evaluated for toxicity, and this lack of data will be handled as an
uncertainty. The toxicity equivalence factor approach will be used to assess the impact of exposure to
constituents for which toxicity equivalence factors have been established (see Sections 8.3.3 and 8.3.4).

EPA draft guidance (1999) presents 21 published plant 7R Vs and 7 surrogate values. For COPCs that are

not included in the EPA draft guidance (1999), TRV's were based on a review of published
single-chemistry laboratory studies (Efroymson et al. 1997a). Surrogate TRVs were used for some
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COPCs that lack TR Vs, as shown in Table 8-3.

These substitutions were made because of similarities in chemical structures and properties between each
COPC that was assigned a surrogate and the COPC used as its surrogate. The assignment of surrogate
values is subject to change as appropriate data becomes available (i.e., empirical studies are published in
the future). The derivation of TR Vs for terrestrial plants is presented in Supplement 4,

Terrestrial Invertebrates

Toxicity of COPCs to terrestrial invertebrates is assumed to be a result of uptake from soil into the
invertebrate’s tissues. Therefore, soil concentrations that are associated with toxicity, usually under
experimental conditions, are used as 7RVs. For terrestrial invertebrate 7R Vs, the hierarchy of choices is
as follows:

Values from Eco-SSL guidance (EPA 2003a)

Values from EPA draft guidance (EPA 1999)

Values from the MTCA (Ecology 2001)

Values from Efroymson et al. (1997b)

Values in the ECOTOXicology database (ECOTOX) (EPA 2010)
Values in published literature

ANt kW =

The COPCs without TR Vs will not be evaluated for toxicity, and this lack of data will be handled as an
uncertainty. The toxicity equivalence factor approach will be used to assess the impact of exposure to
constituents for which toxicity equivalence factors have been established (see Sections 8.3.3 and 8.3.4).

The EPA draft guidance (1999) presents 16 published terrestrial invertebrate 7R Vs and 8 surrogate values.
For the many COPCs that are not included in the EPA draft guidance (1999) or Washington State
Department of Ecology guidance (Ecology 2001), TRVs were based on a review of published
single-chemistry laboratory studies (Efroymson et al. 1997b). Surrogate TR Vs were used for some
COPCs that lack TRVs (Table 8-3).

These substitutions were made because of similarities in chemical structures and properties between each
COPC that was assigned a surrogate and the COPC used as its surrogate. The development of TRV for
terrestrial invertebrates is presented in Supplement 4.

8.3.1.2 Toxicity Reference Values for Ingestion Exposure of Terrestrial Receptors

For wildlife receptors, ingestion 7R Vs will be used to calculate £SQs for the ingestion exposure pathway.
For terrestrial mammal and bird TR Vs, the hierarchy of choices is as follows:

1 Values from Eco-SSL guidance (EPA 2003a)

2 Values from EPA (1999) draft guidance

3 Values from Sample et al. (1996)

4 Values from the ECOTOXicology database (ECOTOX)(EPA 2010)
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The COPCs with no TRVs will not be evaluated for toxicity, and this lack of data will be handled as an
uncertainty. The toxicity equivalence factor approach will be used to assess the impact of exposure to
constituents for which toxicity equivalence factors have been established (see Sections 8.3.3 and 8.3.4).

The EPA draft guidance (1999) presents 42 published 7R¥V’s and 3 surrogate values for mammals and
32 published TR Vs and 4 surrogate values for birds. For the many COPCs that are not included in the
EPA draft guidance (1999), TRVs were based on a review of published single-chemistry laboratory
studies (Sample et al. 1996).

The outputs from the toxicity studies are subchronic or chronic NOAEL or LOAEL doses (mg/kg BW/d)
for the test species. Per EPA draft guidance (1999), if the NOAEL is from a subchronic study, the
benchmark is adjusted downward by a factor of 10 to estimate the chronic benchmark. If the benchmark
is a LOAEL for a mortality or reproduction endpoint, it is adjusted downward by a factor of 10 to
estimate the NOAEL. A subchronic LOAEL is adjusted downward by a factor of 100 to estimate the
chronic NOAEL. An uncertainty factor of 100 is applied to acute single-point estimates (e.g., LD50
values) to determine a TRV. Surrogate TR Vs were used for some COPCs that lack TRVs (Table §8-3).

These substitutions were made because of similarities in chemical structures and properties between each
COPC that was assigned a surrogate and the COPC used as its surrogate. The development of TRV for
terrestrial receptors is presented in Supplement 4.

If the desired TRV corresponds to the NOAEL, then the endpoint observed in the study should be
mortality or reproduction. Nonlethal or nonreproductive NOAELSs are conservative (i.e., lower than
necessary to protect the receptor), but are used if a NOAEL for mortality or reproduction is not available.
If the TRV is a LOAEL, then the endpoint observed in the study should be nonlethal or a nonreproductive
effect. If the observed LOAEL endpoint is mortality or reproduction, then the nonconservative nature of
the TRV should be considered in the risk characterization.

8.3.1.3 Toxicity Reference Values for Radiation Exposure of Terrestrial Receptors

Exposure to ionizing radiation (alpha particles, beta particles, and gamma rays) will be evaluated for
toxicity to ecological receptors. The risk of cancer as a result of exposure to ionizing radiation is not
calculated for ecological receptors because low doses of radiation typically do not induce cancer that
would be lethal before the receptors are able to reproduce. Doses that would be associated with cancer
risks that would cause marked reductions in populations would be extremely high. Instead, naturally
occurring exposures that have been associated with little or no damage to populations are used to derive
radiological TRVs.

The benchmark values for radiation given by the International Atomic Energy Agency (IAEA) (1992) are
1 mGy/d (0.1 rad/day) for terrestrial mammals and birds, and 10 mGy/d (1 rad/day) for plants,
invertebrates, and aquatic biota. These benchmarks are confirmed in Effects of lonizing Radiation on
Terrvestrial Plants and Animals. A Workshop Report (Barnthouse 1995). Alpha radiation has a much
higher effect on biological tissue than beta and gamma radiation because of the large mass of the alpha
particle. When internal exposure is being evaluated, it is particularly important to consider the relative
effectiveness of the radiation (CCN 063808). To adjust for the greater damage done by alpha particles
than by beta and gamma radiation, a QF of 10 (Kocher and Trabalka 2000) for alpha radiation was
included in the dose calculations to evaluate exposure to ROPCs.

Page 8-86



0 ~1 Nt bW

Ne

11
12
13

14
15
16
17

18
19
20
21
22
23
24
25

26
27
28
29
30
31
32

33
34
35
36
37
38
39
40
41
42
43
44
45
46

24590-WTP-RPT-ENV-14-002, Rev 0
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

8.3.2  Toxicity Reference Values for Aquatic Receptors

The TRV for receptors dwelling in and, thus, exposed by direct contact to sediment (benthic
invertebrates) or surface water (fish, aquatic biota) are typically values from published sources if field
observations or site-specific toxicity tests of these media are not available. The units of these values vary
by source and medium (e.g., pg/L for surface water and mg/kg dry wt for sediment).

The toxicity equivalence factor approach will be used to assess the impact of exposure to constituents for
which toxicity equivalence factors have been established (see Sections 8.3.3 and 8.3.4). In other cases
where TRV's are not available, surrogate TR Vs are assigned as shown in Supplement 4 and described
below.

8.3.2.1 Single Chemical Toxicity Reference Values for Direct Contact with Water and
Sediment

The TRVs for aquatic biota and benthic invertebrates are concentrations of COPCs in the medium to
which the receptors are exposed.

Aquatic Biota

The TRVs for aquatic biota are, in order of preference, FCVs (or SCVs) related to an ESB values

(EPA 2003b, 2008), values published in EPA draft guidance (1999) and then other published 7RVs. The
EPA draft guidance (1999) presents 44 published 7R Vs for aquatic biota and 6 surrogate values. The
hierarchy of 7R Vs not found in the EPA draft guidance (2003b, 2008, and 1999) is Washington State
MTCA values (Ecology 2001), National Ambient Water Quality Criteria (NAWQC) (Suter and Tsao
1996), FCVs (Suter and Tsao 1996), Great Lakes Tier Il SCVs (Suter and Tsao 1996), then other toxicity
values from recently published aquatic toxicity literature. Surrogate 7R Vs were used for some COPCs
that lack TRVs (Table 8-3).

These substitutions were made because of similarities in chemical structures and properties between each
COPC that was assigned a surrogate and the COPC used as its surrogate. If there is no toxicity value for
a COPC, no TRV will be listed, and this lack of data will be handled as an uncertainty. The development
of TRVs for aquatic biota is presented in Supplement 4.

Chinook Salmon and Other Salmonids

Salmonids comprise salmon and trout species. These species have special regulatory, economic, and
recreational interest in the Columbia River Basin. Chinook salmon and steelhead trout populations in the
Hanford Reach of the Columbia River have been designated ESUs. Salmonids are also of particular
cultural importance to the American Indian tribes, whose way of life has inextricably included salmon and
trout as food throughout their history. Because of their sensitive status, salmonids will be evaluated
separately from other aquatic biota, and more stringent 7R Vs were sought for exposure of salmonids in
the Columbia River. Available FCVs (or SCVs) from EPA guidance for derivation of ESBs (EPA 2003b
and 2008) were selected as first choice TRV values for PAHs and nonionic organics as the data used for
the derivation of these values were subject to a quality review not necessarily performed in the derivation
of TRVs in older EPA publications. These values account for the varying biological availability of
chemicals in different sediments and allow for the incorporation of the appropriate biological effects
concentration (EPA 2003b). The EPA draft guidance (EPA 1999) provides data for aquatic receptors for
other constituents, but offers no specific 7RV data for salmonids. Therefore, when aquatic toxicity values
were found that were lower than the TR Vs listed in EPA draft guidance, they were used as alternative
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TRVs for salmonids. Surrogates were made where similarities in chemical structures and properties
between each COPC that was assigned a surrogate and the COPC used as its surrogate justified the use
(Table 8-3).

Sensitive species chronic values (Suter and Tsao 1996) were used as TR Vs for salmonids in preference to
TRVs for aquatic biota, whether or not they came from tests on salmonids. Other published toxicity
values for salmonids were also used as TR Vs for salmonids if they were lower than the TR Vs for aquatic
biota. These data did not necessarily meet criteria for use to calculate NAWQC, but were used as highly
conservative screening 7RVs. Population EC,, values (Suter and Tsao 1996) were also used. The
population EC, is a value calculated by a computer model using a variety of toxicity data and is intended
to be the lowest chronic exposure that would reduce population recruitment by 20 % (Suter and Tsao
1996). Because the calculation produces a range of concentrations for each COPC, the reported

5th percentile lower bound was used as a conservative TRV. The derivation of TRVs for salmonids is
presented in Supplement 4.

Benthic Invertebrates

The TRVs for benthic invertebrates are, in order of preference, values from EPA guidance for derivation
of ESBs (EPA 2003b and 2008), those published in EPA draft guidance (1999), and then other published
TRVs. The EPA draft guidance (1999) presents 27 published benthic invertebrate 7R¥s and 19 calculated
or surrogate values. The hierarchy of TRV is as follows:

Values from EPA guidance for derivation of ESBs (EPA 2003b and 2008)*
Values from EPA (1999) draft guidance

No-effect levels and lowest-effect levels from Persaud et al. (1993)
Apparent effects thresholds from Ecology (1994)

Values published by Ingersoll et al. (1996)

| N U N

For COPCs whose values are not available from those sources, values and methods found in Jones, Suter,
and Hull (1997) were used. Surrogate TRVs were used for some COPCs that lack 7RVs. In addition to
surrogates given in the SLERAP (EPA 1999), surrogates listed in Table 8-3 were used.

These substitutions were made because of similarities in chemical structures and properties between each
COPC that was assigned a surrogate and the COPC used as its surrogate. If there is no TRV in these
sources, no TRV is listed, and this lack of data will be handled as an uncertainty. The development of
TRVs for benthic invertebrates is presented in Supplement 4.

8.3.2.2 Toxicity Reference Values for Ingestion Exposure of Predators of Aquatic Biota

The TRVs for ingestion exposure of predators of aquatic biota are the same as those for terrestrial
mammals and birds (Section 8.3.1.2), with some exceptions’. The source of TR¥s for mammal and bird
receptors is presented in Supplement 4.

* ESB values (organic carbon based values) are converted to TRV for benthic invertebrates by multiplying them by
the fraction of organic carbon in the bed sediment (£, ).

> The exception for use of Eco-SSL values is for the burrowing owl, as the guidance (EPA 2003a, Sect. 1.1) cautions
the user that SSL exposure pathways may not be complete for burrowing mammals (i.e., inhalation and dermal
exposure pathways may not be negligible for burrowing animals for some chemicals)
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8.3.2.3 Toxicity Reference Values for Radiation Exposure of Aquatic Biota

Exposure to ionizing radiation (alpha particles, beta particles, and gamma rays) will be evaluated for
toxicity to ecological receptors. The risk of cancer as a result of exposure to ionizing radiation is not
calculated for ecological receptors because low doses of radiation typically do not induce cancer that
would be lethal before the receptors are able to reproduce. Doses that would be associated with cancer
risks that would cause marked reductions in populations would be extremely high. Instead, naturally
occurring exposures that have been associated with little or no damage to populations are used to derive
radiological TRVs.

For all sediment and aquatic biota, the TRV for total (external + internal) whole-body radiological dose
from combined external and internal exposure for all ROPCs combined is 1.0 rad/day (IAEA 1992),
However, the TRV for aquatic wildlife receptors (i.e., birds and mammals) is 0.1 rad/day.

8.3.3  Toxicity Equivalence Factors for Dioxins, Dibenzofurans, and PCBs

Chlorinated dioxins, chlorinated dibenzofurans, and chlorinated biphenyls are evaluated as a group
because they are thought to act through a common mechanism of toxicity. These chemicals are thought to
act by binding to a protein known as the arylhydrocarbon receptor (AR) (see ATSDR 1997 or

WHO 1998). The AR-ligand complex is responsible for the activation of genes that have a deleterious
effect when they are not under proper regulation by the receptor’s hormones. Interaction of dioxins and
similar compounds with AR, therefore, can cause immunological, neurological, endocrine, embryotoxic,
and other effects.

The similarity in action of these compounds is thought to result from their structural similarity. Dioxin is
composed of two benzene rings joined by two carbon-oxygen-carbon bonds on two adjacent carbons of
each benzene ring. Dibenzofurans have two benzene rings joined by a carbon-oxygen-carbon bond and a
carbon-carbon bond on two adjacent carbons of each benzene ring. Biphenyls consist of two benzene
rings joined by a single carbon-carbon bond. To form the polychlorinated derivatives, chloro groups are
attached at various locations, as designated in the names of the compounds. Benzene rings are planar
(flat) in conformation. Because two adjacent carbons on each benzene ring are joined in dioxins and
dibenzofurans, both benzene rings are held in the same plane, and the chloro groups are also in that plane.
Therefore, these molecules are said to be coplanar. The coplanar structure appears to be essential for
interaction with AR. The benzene rings in biphenyl can rotate relative to each other, unless there are
added groups that interfere with rotation (such as 2,2',6,6'-chloro groups, which occupy the carbons
immediately on both sides of the carbon-carbon bond joining the rings). The PCB congeners that are able
to form a coplanar molecule (and are called coplanar PCBs) can interact with AR when they are in that
configuration. Therefore, coplanar PCBs are included among the COPCs with similar action to dioxins
and dibenzofurans.

The EPA has recommended that TEFs be used to evaluate the cumulative toxicity of chlorinated dioxins,
chlorinated dibenzofurans, and chlorinated biphenyls. Because these contaminants have a common
mechanism of action, it is assumed that their toxicity to biota is additive (WHO 1998, EPA 1999) (i.e., the
toxicity of all dioxins, dibenzofurans, and PCBs should be added). Furthermore, their relative potency as
chronic toxins is assumed to be related to the degree of affinity for AR, which can be measured much
more conveniently than chronic toxic effects. The TEFs have been proposed for several chlorinated
dioxins, chlorinated dibenzofurans, and chlorinated biphenyls (WHO 1998, EPA 1999), always assigning
the toxicity of TCDD, the most potent chlorinated dioxin, a TEF of 1.0. Separate lists were developed for
mammals, birds, and fish, and these lists are presented in Supplement 4.
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The TEFs are reported in Supplement 4 for individual PCB congeners (such as 2,3,3',4,4',5-hexachloro-
biphenyl), but analytical values for individual congeners in the exposure media are sometimes not
available. It is also possible to calculate TEFs for Aroclors, which are mixtures of PCB congeners, using
the typical composition of Aroclor mixtures.

Using TEFs, £SQs can be calculated for chlorinated dioxins, chlorinated dibenzofurans, and PCBs for
which TRVs are not available. The TRV for 2,3,7,8-TCDD is divided by a COPC’s TEF to calculate an
equivalent TRV of that corresponds to a dioxin or furan without published TRV data. The
TCDD-equivalent TRV of the COPC is then used to calculate the £SQ for the COPC. Because the
mechanism of action of these compounds is thought to be the same, the TCDD-equivalent £SQs are
added to determine the hazard index (H/) for the set of dioxins and dibenzofurans.

8.3.4  Toxicity Equivalence Factors for PAHs

As pure chemicals, PAHs generally exist as colorless, white, or pale yellow-green solids. They can have
a faint, pleasant odor. They are found throughout the environment in the air, water, and soil. They can
occur in the air, either attached to dust particles or as solids in soil or sediment. Studies in animals have
also shown that PAHs can cause harmful effects on skin, body fluids, and the body’s system for fighting
disease after both short- and long-term exposure (ATSDR 1995).

EPA 2003b establishes FCVs for PAHs using the NAWQC Guidelines (Stephan et al., 1985). These
values serve as TRVs for aquatic biota and fish. The guidance also provides the corresponding ESBs
(equivalent concentration in sediments on an organic carbon basis) as predicted from FCVs using the
carbon partition coefficient (K,.). These values can be converted to TRVs for benthic invertebrates by
multiplying them by the fraction of organic carbon in the bed sediment (f;.. ;). The guidance also notes
that because PAHs occur in sediments as mixtures and their toxicities in water, tissues, or sediments are
additive or nearly additive, their combined toxicities must be considered to assess the impact of PAH
mixtures. If the SLERA indicates a potential issue from PAH exposure, the additive effect of the PAH
mixture will be assessed as well as their individual impact (see Section 8.4.3).

Additionally, the State of Washington has published TEFs for many of these compounds in MTCA

(WAC 173-340-900). These TEFs will be used where appropriate (i.e., for mammals) to calculate
equivalent TRVs.

8.4 Risk Characterization

Risk estimates for a receptor at an exposure location are calculated as the ESQ, which is the ratio of the
estimated exposure to the TRV. That is:

 EEL

e SLERAP Eq. 6-1
TRV ( q. 6-1)

ESQ

where:

ESQ = ecological screening quotient (unitless)
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EEL = constituent estimated exposure level (mass of constituent per mass of media
[communities] or mass daily dose constituent ingested per mass body weight-day [class-
specific guilds])

TRV = toxicity reference value (mass of constituent per mass of media [communities] or mass

daily dose ingested per mass body weight-day [class-specific guilds])

The ESQ is an index of the total risk to the receptor from exposure to the COPC if the COPC does not
occur in the environment from any other source and if the home range of the receptor is smaller than the
area of the exposure location, that is, if the AUF = 1.

The ESQ equation takes different forms depending on how the receptor is exposed, which also determines
how the TRV is expressed. In the SLERA for the WTP, the exposure to ecological receptors will be a
media concentration (EPC), an average daily dose of a COPC (DD), or a daily total (external + internal)
whole-body radiological dose (DDg,,).

There is limited data for developing inhalation 7R Vs and very limited data for developing dermal 7RVs.
Little is known about the actual absorption across the dermal layer of wildlife receptors. There is also
uncertainty about the extrapolation of 7RVs for ingestion to inhalation. Therefore, inhalation and dermal
absorption exposures will not be evaluated quantitatively.

8.4.1 Terrestrial Receptors

For receptors living in soil (such as plants and terrestrial invertebrates), the £SQ will be calculated as the
ratio of the concentration of COPC in soil and the 7RV for the receptor and the COPC. That is:

_ Cs|s

(modified SLERAP Eq. 6-1)
TRV

ESQ

where:

ESQ = hazard quotient for the receptor at its exposure location for the COPC (unitless)

Csys = concentration of the COPC in soil at the exposure location based upon a 15 cm root zone
soil depth (mg/kg,.1)
TRV = toxicity reference value of the receptor for the COPC (mg/kg,.q)

The E£SQ for a wildlife receptor that does not live in the medium containing COPCs, but is exposed by
ingestion and other routes, will be calculated as the ratio of the DD and the TRV. That is:

_ DD

_ 22 (modified SLERAP Eq. 6-1)
TRV

ESQ

where:
DD = daily dose of the COPC or ROPC to the receptor at the exposure location (mg/kg BW/d

or rad/day) calculated using the concentration of the COPC or ROPC at the exposure
location
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TRV = toxicity reference value of the COPC or ROPC for the receptor (mg/kg BW/d or
rad/day). Note that the ROPC benchmark TRV for terrestrial mammals and birds is
0.1 rad/day and the ROPC benchmark 7RV for plants and invertebrates is 1.0 rad/day

The second equation will be used to estimate risk for the wildlife receptors in the terrestrial food web:
mule deer, mourning dove, Great Basin pocket mouse, western meadowlark, coyote, burrowing owl, and
red-tailed hawk.

84.2  Aquatic Receptors

For receptors living in surface water or sediment (e.g., aquatic life and salmon and other fish living in
surface water, and benthic organisms living in sediment), the £SQ will be calculated as the ratio of the
measured concentration of COPC in the medium and the 7RV. That is:

C
ESQ=—L modified SLERAP Eq. 6-1
O="nr ( q. 6-1)
where:

ESQ = hazard quotient for the receptor at its exposure location for the COPC (unitless)

Cy = concentration of the COPC in the exposure media; dissolved surface water, C,, (for
fish), or sediment, C,., (for sediment dwellers) at the exposure location (ug/L, mg/L,
ng/kg, or mg/kg)

TRV = toxicity reference value of the COPC for the receptor (ug/L, mg/L, pg/kg, or mg/kg)

The ESQ for a wildlife receptor that does not live in the surface water or sediment containing the COPCs
but is exposed from aquatic food webs by ingestion, inhalation, and other routes is calculated as the ratio
of the estimated DD (mg/kg BW/d) to the TRV (mg/kg BW/d). That is:

_ DD

_ 22 (modified SLERAP Eq. 6-1)
TRV

ESQ

where:

DD = daily dose of the COPC or ROPC to the receptor at the exposure location (mg/kg BW/d
or rad/day) calculated using the concentration of the COPC or ROPC at the exposure
location

TRV = toxicity reference value of the COPC or ROPC for the receptor (mg/kg BW/d or
rad/day). Note that the ROPC benchmark TRV for aquatic mammals and birds is
0.1 rad/day and the ROPC benchmark TRV for aquatic biota, salmonids, and benthic
invertebrates is 1.0 rad/day

The above equation will be used to estimate risk for the wildlife receptors in the aquatic food web:
Canada goose, spotted sandpiper, great blue heron, bald eagle, and mink.
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8.4.3  Total Ecological Screening Quotient

The total ESQ for a receptor at a given exposure location is the sum of the ESQs for all COPCs with
similar modes of toxicity and is an index of the combined risk from exposure to multiple COPCs. A
preliminary classification of inorganic COPCs grouped arsenic, antimony, selenium, and vanadium as
respiratory inhibitors; lead, manganese, and mercury as central nervous system inhibitors; and aluminum,
chromium, and nickel as deoxyribonucleic acid (DNA) and protein reactors. Organic COPCs are
typically grouped by chemical structure: volatile organic compounds (VOCs), PAHs, organochloride
pesticides, and PCBs. These chemical groupings are based on experience. However, for the SLERA,
ESQs for all organic COPCs, all inorganic COPCs, and all ROPCs, regardless of mode of actions, will be
grouped and summed because such summing represents the most conservative case. When the total ESQ
exceeds 0.25, additional £SQs by mode of action will be developed with approval of Ecology if a
scientific management decision so indicates. The total ESQ for a receptor at an exposure location is
calculated from the £SQs for the individual COPCs as follows:

ESQReceplor COPC Total — 2 ESQC()PC Specific (SLERAP Eq 6_2)
where:

ESQOgecepior corc Tot = total ecological screening quotient for the receptor at the exposure location
(unitless)

COPC specific ecological screening quotient for the receptor at the
exposure location (unitless)

ES QCOPC Specific
Similarly, the total £SQ for a receptor at an exposure location is calculated from the ESQs for the
individual ROPCs as follows:

ESQReceplor ROPC Total — 2 ESQR()PC Specific (SLERAP Eq 6-2)
where:

ESQrecepior roPC 1ot = t0tal ecological screening quotient for the receptor at the exposure location
(unitless)

ROPC specific ecological screening quotient for the receptor at the
exposure location (unitless)

ES QR()PC Specific

The ESQ equation for receptors exposed to ROPCs is equivalent to the ESQ equation for COPCs because
the dose from all radionuclides is summed to estimate the total-body dose from internal and external
exposures. Calculating the total £SQ assumes an additive effect on receptors from the summed COPCs
and ROPCs; however, COPCs and ROPCs effects are not additive with one another, thus, COPCs and
ROPCs are evaluated separately.

The threshold value for £SQs for COPCs will be 0.25, unless a similar mode of action is demonstrated
and approved by Ecology. The threshold value for ESQOs for ROPCs will be 1.0 rad/day for lower trophic
level species (plants, aquatic biota, salmonids, and terrestrial and benthic invertebrates) and 0.1 rad/day
for higher trophic level species (terrestrial and aquatic mammals and birds).
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8.5  Reporting of Major Ecological Risk Findings

Risk characterization will be reported in such a way as to meet three goals identified in EPA guidance
(EPA 1999):

1 Provides the maximum, most conservative exposure estimate
2 “Identifies which pathways are driving risk specific to a COPC and receptor”
3 “Allows risk management efforts to be prioritized”

The characterization will interpret risk findings in terms of the receptor groups represented rather than
individual receptor species. For example, if there is excess risk to the Great Basin pocket mouse, the
result will be interpreted as indicating potential harm to small omnivorous mammals in general.

The following outline of headings is proposed for the PRA:

L Risk for Terrestrial Conditions: Central Plateau
A. Organic COPCs
B. Inorganic COPCs
C. ROPCs
II.  Risk for Aquatic Conditions: Columbia River
A. Organic COPCs
B. Inorganic COPCs
C. ROPCs
Il.  Future Risk
A. Terrestrial Conditions

B. Aquatic Conditions

At each location, every COPC that equals or exceeds an £SQ of 0.25 will be identified along with the
receptor for which the exceedance occurs. In addition, locations and receptors for which total £SQs equal
or exceed 0.25 will be identified, and for each such combination, COPCs and ROPCs whose £SQs exceed
0.025 will be identified as significant contributors to the total £SQ. If the results of the SLERA indicate
that one or more COPCs or ROPCs or the sum for a receptor at a given exposure location is a potential
hazard (i.e., ESQ > 0.25), then exposure and toxicity information will be re-evaluated to determine
whether the evaluation was overly conservative. Evaluation of sources and pathways will help identify
which pathways drive the risk. This information will allow risk managers to prioritize further
investigation.

Evaluation of £SQs, sources, and pathways will be done for the PRA as well as the FRA within the
SLERA.

8.6  Uncertainty in Ecological Risk Assessment

Evaluation of uncertainties is part of the SLERA process (EPA 1998). Uncertainties in each of the four
interrelated steps of the EPA approach to the SLERA will be discussed as follows:
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e Problem formulation
e Exposure assessment
o Effects assessment

e Risk characterization

Uncertainties about the data will be evaluated in the exposure assessment and the effects assessment
steps.

8.6.1 Problem Formulation

Environmental concentrations of contaminants deposited on the soil and water at exposure locations will be
based on many predictions. A degree of uncertainty exists about the predicted spatial distribution of
contaminants, Exposure concentrations could be overestimated or underestimated, depending on how good
the model is at predicting contaminant distribution. The assumption that all soil or surface water in a given
exposure area contains the COPC concentrations and ROPC activities modeled for the maximum location
results in an overestimate of risk to populations.

Because conservative exposure parameters (Section 8.6.2) will be used to calculate £SQs, the estimates of
risk from ecological COPCs and ROPCs are conservative (i.e., protective). Using conservative exposure
concentrations decreases the likelihood of underestimating the risk posed by each ecological COPC/ROPC
and increases the likelihood of overestimating the risk. Note that for wildlife receptors not living in soil,
sediment, or surface water, £SQ is a function of COPC dose or radiological daily dose (DD), which, in turn,
depends on a number of exposure factors (in addition to contaminant exposure concentration). Thus, several
factors determine how conservative an £SQ might be (in addition to contaminant exposure concentration).

The distribution and abundance of organisms comprising the ecological receptors at exposure locations have
not been quantified by field studies. The lack of quantitative data introduces uncertainties concerning
whether, and to what extent, the risk characterization based on the selected receptor species underestimates,
or overestimates, the risk to organisms that are not used in the risk computations but are found at exposure
locations.

One (or more) unobserved species at exposure locations is possibly more sensitive than those ecological
species for which toxicity data were available. It does not necessarily follow that these unevaluated species
are at significantly greater risk of harmful ecological effects than that estimated in the SLERA, because their
exposure may be less than the conservatively estimated exposure for WTP receptors.

8.6.2  Exposure Assessment

Movement of contaminants from the exposure locations through direct and indirect pathways to
ecological receptors will be modeled rather than measured for the SLERA. The lack of site-specific
measurements introduces uncertainties about the actual modes and pathways of exposure and the actual
exposure concentrations of these contaminants to the ecological receptors. Exposure concentrations can
differ from the predicted environmental concentrations as a result of physical and chemical processes
during transport from source to receptor. These processes will not be predicted quantitatively in the
SLERA.

The modes and pathways used to characterize the exposure of ecological receptors are the most important
ones for the relatively large and active species in terrestrial habitats. Soil-dwelling terrestrial animals may
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be exposed to contaminants in soil by way of inhalation. However, it is expected that concentrations of
VOCs will be very small and that gaseous concentrations in soil interstices, cavities, and burrows do not
exist. Inhalation exposures will not be evaluated in the SLERA. Therefore, the exposure to burrowing
organisms at the site from contaminated soil and porewater in the soil may be underestimated if gas
concentrations are larger than soil concentrations. Overestimating exposure by using conservative exposure
concentrations is thought to offset the underestimation of exposure that results from neglecting certain
exposure modes and pathways of lesser importance. Additional uncertainties are inherent in ingestion rates
and dietary fractions of plants and animals. Likewise, the effects of dermal exposure may be
underestimated; uncertainty about those effects will be discussed qualitatively. Exposure concentrations are
likely overestimated because of conservative exposure factors. Sources of conservatism in the exposure
factors include using published BAFs, irrespective of species and environmental conditions.

8.6.3 Effects Assessment

Toxicity thresholds are based on concentrations reported to have no, or little, effect on the test organism or
are estimated conservatively from published toxicity data. The 7RVs for wildlife receptors exposed to soils
are derived from NOAELs or LOAELSs reduced by safety factors of 10 for chronic LOAELSs and subchronic
NOAELSs or 100 for subchronic LOAELSs (Sample et al. 1996). These thresholds would underestimate the
risks only to organisms at the exposure locations that are considerably more sensitive than the receptor
organisms for the specific toxicological endpoint. The thresholds are more likely to overestimate the risk to
organisms that are equally or less sensitive than the receptor organisms. The possibility remains that some
thresholds are set at levels at or above which some harm would occur to organisms at the exposure locations
because receptors may be more sensitive to other toxicological endpoints.

There is limited data for developing inhalation 7RVs and very limited data for developing dermal TRVs.
Little is known about the actual absorption across the dermal layer of wildlife receptors. There is also
uncertainty about the extrapolation of 7R Vs for ingestion to inhalation. Therefore, inhalation exposures will
not be evaluated quantitatively. The uncertainties associated with neglecting dermal contact and inhalation
toxicity will be discussed in the PRA.

The risks from exposure to multiple contaminants depend on contaminant interactions; effects could be
greater or less than those from a single chemical. This RAWP provides methods for estimating ecological
COPC-specific risk estimates and assumes additivity for calculating £SQs. Overall, the effects assessment
probably overestimates toxicity because the 7R Vs are based on concentrations that cause no observed
effect in test animals rather than an effect that may be observable but is not great enough to threaten
populations.

TRVs are not available for some COPCs. This lack of TR Vs is especially true for organic COPCs. This
situation likely will result in underestimated risks.

The TR Vs for radiation exposure were proposed as doses that are unlikely to harm populations (IAEA 1992,
Barnthouse 1995). Individual plants or animals, or tissues of plants and animals, may be more sensitive to
radiation damage than the populations evaluated by IAEA (1992). For example, rapidly growing tissues
such as root hairs may be particularly sensitive to external radiation if they are in close contact with
contaminated media. Therefore, the SLERA may underestimate risks from radiation by an unknown
amount.

Additional uncertainty exists as to the pertinence of individual organism toxicity for characterizing the risk
to individuals, populations, and ecosystems. Populations possibly may compensate for the loss of large
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numbers of juveniles or adults with increased survival or birth rates, and habitats or ecosystems may possess
functionally redundant species that are less sensitive to contaminants, Although the desert habitat at the
exposure locations likely possesses some buffering mechanisms, a conservative risk assessment approach is
still justified based on organismal toxicity thresholds (i.e., NOAELSs), which probably result in an
overestimate of risk.

8.6.4 Risk Characterization

The uncertainties described above ultimately produce uncertainty in the quantification of current and future
risks to plants and animals at the exposure locations. An additional area of uncertainty in the risk
characterization is risk to receptors outside of the exposure areas to be modeled.

It is unlikely that receptors outside the areas of maximum concentration and within the 50 km study area
would have lower toxicity thresholds for contaminants than the thresholds used for receptors within those
exposure areas. All representative organisms are assumed to be present at the locations of maximum
concentration regardless of their actual distribution. In addition, there is little reason to expect that
contaminants migrating outside the study area would be concentrated above the concentrations predicted at
the exposure locations. In general, the risk to receptors outside the exposure areas is likely to be
overestimated rather than underestimated (e.g., bounded) by the risk estimate for receptors at the modeled
exposure areas within the 50 km radius of the site.

8.6.5 Summary of Uncertainties

The most important uncertainties in the ecological portion of the SLERA for exposure locations are those
surrounding the estimates of the contaminant concentrations to which ecological receptors are actually
exposed (EPCs) and the concentrations that present an acceptable level of risk or harmful effects (toxicity
thresholds or reference values). These uncertainties arise from multiple sources (e.g., the lack of
site-specific data on contaminant transport and transformation processes, organismal toxicity, animal
behavior and diet, population dynamics, and the response of arid land plant and animal populations to
stressors in their environments). Despite these uncertainties, the modeled exposure concentrations and
published exposure and effects information will allow risks to be characterized for various exposure
locations according to exposure/effects scenarios.

8.7 Summary for Screening-Level Ecological Risk Assessment

Risks to ecological receptors from the potential emission of COPCs and ROPCs result from exposure to
and ecological toxicity of the COPCs and ROPCs. The SLERA will utilize the estimated emission rates
(Section 5) and results of fate and transport modeling (Section 6) to calculate potential ecological receptor
exposure to COPCs and ROPCs. This exposure information is combined with toxicity data to estimate
the potential for adverse effects to terrestrial and aquatic organisms and populations in the vicinity of the
WTP.

The SLERA will use conservative exposure assumptions to compensate for the high level of uncertainty
associated with conducting a risk assessment for a facility that is still in the final design phases. The PRA
will include a qualitative uncertainty analysis. The exact procedures that may be used to identify and
evaluate the primary sources of uncertainty in the FRA will be determined at a later time.

The FRA will include estimated emissions based on engineering calculations (e.g., PT system emissions
and vapor-phase organic emissions from WTP process cells) and environmental performance
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demonstration tests for the LAW and HLW vitrification systems. Based on the results of the
environmental performance demonstration tests, the FRA may involve running new models, modeling
additional chemicals, or changing model parameters. Information that will require updating in the FRA,
as specified in the WTP DWP (WA7890008967), includes:

e Toxicity data current at the time of the submittal

e  Compounds newly identified, or updated emissions data from current waste characterization and
emission testing

e Air modeling updated to include stack gas parameters based on most current emissions testing and
current WTP unit design

e  Physical/transport properties of constituents current at the time of the submittal

e  Process description based on current WTP unit design

e Emissions data and all supporting calculations based on current WTP unit design
e  Update of receptor locations based on land use or land use zoning, changes, if any

If the risk goals are exceeded in the PRA or the FRA, additional site-specific data will be evaluated for
use in the assessments, subject to Ecology approval.
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Weiss SG and Mitchell RM. 1992, A Synthesis of Ecological Data from the 100 Areas of the Hanford
Site, WHC-EP-0601, October 1992. Westinghouse Hanford Company, Richland, Washington.
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Table 8-1 Threatened and Endangered Species at Hanford
Federal State
Common Name Scientific Name Habitat Status @ |  Status ©
Plants
Awned Halfchaff Sedge Lipocarpha (= Hemicarpha) | Riparian - Threatened
aristulata
Beaked Spike-Rush Eleocharis rostellata Priest Rapids - Sensitive
Canadian St. John’s Wort | Hypericum majus Riparian - Sensitive
Chaffweed Anagallis (= Centunculus) Riparian - Threatened
minimus Wetlands
Columbia Milkvetch Astragalus columbianus Umtanum Ridge Species of Sensitive
Shrub-steppe coneern
Columbia Yellowcress Rorippa columbiae Riparian Species of | Endangered
concern
Coyote Tobacco Nicotiana attenuata Cold Creek Valley - Sensitive
Desert Cryptantha Cryptantha scoparia ALE Reserve - Sensitive
Desert Dodder Cuscuta denticulata Whaluke Slope - Threatened
Desert Evening Primrose Oenothera caespitosa Cobbled soil near - Sensitive
Columbia River
(China Bar)
Dwarf Evening Primrose | Camissonia (= Oenothera) Shrub-steppe - Sensitive
pygmaea
Fuzzytongue Penstemon | Penstemon eriantherus White Bluffs - Sensitive
whitedii
Geyer’s Milkvetch Astragalus geyeri Whaluke Slope - Threatened
Grand Redstem Ammannia robusta Riparian - Threatened
Gray Cryptantha Cryptantha leucophaea Sand dunes Species of Sensitive
Shrub-steppe concern
Great Basin Gilia Aliciella (=Gilia) leptomeria | Gable Mountain - Threatened
Whaluke Slope
Hoover’s Desert Parsley | Lomatium tuberosum Umtanum Ridge Species of Sensitive
Basalt outcrops concern
Loeflingia Loeflingia squarrosa var. Gable Mountain - Threatened
squarrosa
Lowland Toothcup Rotala ramosior Riparian - Threatened
Piper’s Daisy Erigeron piperianus Shrub-steppe - Sensitive
Rosy Pussypaws Calyptridium roseum Gable Mountain - Threatened
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Table 8-1 Threatened and Endangered Species at Hanford
Federal State
Common Name Scientific Name Habitat Status @ Status @
Small-Flowered Evening- | Camissonia (= Oenothera) FEALE Reserve - Sensitive
Primrose minor Gable Mountain
200 Area (gravel pit)
Snake River Cryptantha Cryptantha spiculifera White Bluffs - Sensitive
(= C. interrupta)
Suksdorf’s Monkey Mimulus suksdorfii Gable Mountain - Sensitive
Flower Gable Butte
Vernita grade
Umtanum Desert Eriogonum codium Umtanum Ridge Candidate Endangered
Buckwheat
White Bluffs Bladderpod | Lesquerella tuplashensis White Bluffs Candidate Threatened
White Eatonella Eatonella nivea Whaluke Slope - Threatened
Mollusks
California Floater Anodonta californiensis River and streams - Species of Candidate
Slow current concern
Great Columbia River Fluminicola columbiana Hanford Reach Species of Candidate
Spire Snail concern
Shortfaced Lanx Fisherola nuttalli Hanford Reach - Candidate
Insects
Columbia River Tiger Cicindela columbica see footnote ® - Candidate
Beetle
Silver-Bordered Fritillary | Boloria selene atrocostalis Riparian - Candidate
Fish
Bull Trout Salvelinus confluentus Hanford Reach Threatened Candidate
Leopard Dace Rhinichthys flacatus Hanford Reach - Candidate
Mountain Sucker Catastomus platyrhynchus Hanford Reach - Candidate
Pacific lamprey Lampetra tridentata Hanford Reach Species of -
concern
River Lamprey © Lampetra ayresi Hanford Reach Species of Candidate
concern
Spring-Run Chinook Oncorhynchus tshawytscha Hanford Reach Endangered Candidate
Salmon
Steelhead Oncorhynchus mykiss Hanford Reach Threatened Candidate
Amphibians and Reptiles
Sagebrush Lizard Sceloporus graciosus Shrub-steppe (low Species of Candidate
elevations and sandy concern

areas)
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Table 8-1 Threatened and Endangered Species at Hanford
Federal State
Common Name Scientific Name Habitat Status @ |  Status ©
Striped Whipsnake Masticophis taeniatus Shrub-steppe - Candidate
Western Toad Bufo boreas Riparian Species of Candidate
concern
Birds
American White Pelican | Pelecanus erythrorhynchos Riparian - Endangered
Bald Eagle ¥ Haliaeetus leucocephalus Riparian Species of Sensitive
concern
Burrowing Owl Athene cunicularia Shrub-steppe Species of Candidate
concern
Common Loon Gavia immer Riparian - Sensitive
Ferruginous Hawk Buteo regalis Transmission line Species of | Threatened
towers concern
Shrub-steppe
Flamulated Owl © Otus flammeolus Shrub-steppe - Candidate
Golden Eagle Aquila chrysaetos Shrub-steppe - Candidate
Greater Sage Grouse Centrocercus urophasianus | Shrub-steppe Candidate Threatened
Lewis’s Woodpecker Melanerpes lewisi Riparian - Candidate
Shrub-steppe
Loggerhead Shrike Lanius ludovicianus Shrub-steppe Species of Candidate
concern
Merlin Falco columbarius Riparian - Candidate
Shrub-steppe
Northern Goshawk Accipter gentilis Shrub-steppe Species of Candidate
concern
Olive-Sided Flycatcher Contopus cooperi Riparian Species of -
concern
Peregrine Falcon Falco peregrinus Riparian Species of Sensitive
Shrub-steppe concern
Sage Sparrow Amphispiza belli Shrub-steppe - Candidate
Sage Thrasher Oreoscoptes montanus Shrub-steppe - Candidate
Sandhill Crane Grus canadensis Islands - Endangered
Riparian
Shrub-steppe
Western Grebe Aechmorus occidentalis Riparian - Candidate
Mammals
Black-Tailed Jackrabbit Lepus californicus Shrub-steppe - Candidate
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Table 8-1 Threatened and Endangered Species at Hanford
Federal State
Common Name Scientific Name Habitat Status @ |  Status ©
Merriam’s Shrew Sorex merriami Shrub-steppe - Candidate
Townsend’s Ground Spermophilus townsendii Benton County Species of Candidate
Squirrel Shrub-steppe concern
Washington Ground Spermophilus washingtoni Shrub-steppe Candidate Candidate
Squirrel ©
White-Tailed Jackrabbit | Lepus townsendii Shrub-steppe - Candidate
(a) “-” indicates species is not listed a endangered, threatened, candidate, sensitive, or of concern.
Endangered = Species in danger of extinction within all or a significant portion of its range.

Threatened = Species likely to become endangered in the foreseeable future.

Candidate = Species that are believed to qualify for threatened or endangered species status, but for which listing
proposals have not been prepared.

Sensitive = Taxa that are vulnerable or declining and could become endangered or threatened without active
management or removal of threats.

Species of concern = Species that are not currently listed or candidates under the Endangered Species Act, but are of
conservation concern within specific US Fish and Wildlife Service regions.

(b) Probable, but not observed, on the Hanford Site.
(¢) Reported, but seldom observed, on the Hanford Site.
(d) Reclassified January 2008.

Refs: PNNL. 2010. Hanford Site Environmental Report for Calendar Year 2009, PNNL-19455, September 2010. Pacific
Northwest National Laboratory, Richland, Washington.

PNNL. 2001. Vascular Plants of the Hanford Site. PNNL-13688. Pacific Northwest National Laboratory, Richland,
Washington.

PNL. 1993. Habitat Types on the Hanford Site Wildlife and Plant Species of Concern. PNL-8942 (UC-702). Pacific
Northwest National Laboratory, Richland, Washington.

Page 8-110




Table 8-2

24590-WTP-RPT-ENV-14-002, Rev 0
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

Policy Goals, Ecological Assessment Endpoints, Measures, and Decision Rules for 200 Area and Surroundings

Policy Goals

Assessment Endpoint

Measures

Decision Rule

Policy Goal 1:
The conservation
of threatened and
endangered
species and their
critical habitats.

Assessment Endpoint 1:
Protection of individuals of state
or federally designated
threatened or endangered (T&E)
species.

Endpoint species: redtailed
hawk.

Measure 1: Modeled contaminant
concentrations in prey (such as, deer
mouse, western meadowlark, Great
Basin pocket mouse, mourning dove,
and fish) based on modeled
concentrations of vapors in air and
particulates, depositions of contaminant
particulates to soil and surface water,
and measured concentrations of
contaminants in abiotic media. These
concentrations are used to evaluate
exposure of threatened and endangered
predators. Chronic exposure
concentrations and doses associated with
no adverse effect on survival and
reproduction.

Decision Rule for Assessment Endpoint 1:

If threatened or endangered species are not present, or exposure
point concentrations in the media do not contribute to the
chronic NOAEL, then it is indicated that the contaminant alone
is unlikely to cause adverse ecological effects and, therefore, the
threatened or endangered species should be preserved. 1f the HQ
>0.25, lines of evidence will be evaluated to determine the
potential for ecological risk and the need for any additional
measurements or calculations.

Policy Goal 2:
The protection of
terrestrial
populations and
ecosystems.

Assessment Endpoint 2:
Stable plant community for
erosion control and energy
production.

Endpoint species: cheatgrass,
rabbitbrush.

Measure 2: Modeled concentrations of
vapors in air and particulates and
depositions of contaminant particulates
to soil. Chronic exposure concentrations
associated with no adverse effect on
survival and reproduction.

Decision Rule for Assessment Endpoint 2:

If the HQ is <0.25, then it is indicated that the contaminant alone
is unlikely to cause adverse ecological effects and, therefore, the
plant populations and communities are maintained. 1f the HQ
>(.25, lines of evidence will be evaluated to determine the
potential for ecological risk and the need for any additional
measurements or calculations.

Policy Goal 2:
The protection of
terrestrial
populations and
ecosystems.

Assessment Endpoint 3:

Stable soil-dwelling invertebrate
community for nutrient and
energy processing.

Endpoint species: earthworms
and darkling beetles.

Measure 3: Modeled concentrations of
vapors in air and particulates and
depositions of contaminant particulates
to soil. Chronic exposure concentrations
associated with no adverse effect on
survival and reproduction.

Decision Rule for Assessment Endpoint 3:

1f the HQ is <0.25, then it is indicated that the contaminant alone
is unlikely to cause adverse ecological effects and, therefore, the
terrestrial invertebrate community is maintained. 1f the HQ
>().25, lines of evidence will be evaluated to determine the
potential for ecological risk and the need for any additional
measurements or calculations.
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Policy Goals, Ecological Assessment Endpoints, Measures, and Decision Rules for 200 Area and Surroundings

Policy Goals

Assessment Endpoint

Measures

Decision Rule

Assessment Endpoint 4:
Stable populations of
herbivorous animals.

Endpoint species; mammals -
mule deer; birds - mourning
dove.

Measure 4: Modeled contaminant
concentrations in food chain (such

as, plants) based on modeled
concentrations of vapors in air and
particulates and depositions of
contaminant particulates to soil.
Chronic exposure doses associated with
no adverse effect on survival and
reproduction.

Decision Rule for Assessment Endpoint 4:

If the HQ is <0.25, then it is indicated that the contaminant alone
is unlikely to cause adverse ecological effects and, therefore,
populations of the herbivores (such as, mule deer and mourning
dove) are maintained. 1f the HQ >0.25, lines of evidence will be
evaluated to determine the potential for ecological risk and the
need for any additional measurements or calculations.

Assessment Endpoint 5:
Stable populations of animals
that eat both plants and animals
(omnivores).

Endpoint species: bird - western
meadowlark.

Measure 5: Modeled contaminant
concentrations in earthworms, plants,
and other prey based on modeled
concentrations of vapors in air and
particulates and depositions of
contaminant particulates to soil.
Chronic exposure doses associated with
no adverse effect on survival and
reproduction.

Decision Rule for Assessment Endpoint 5:

If the HQ is <0.25, then it is indicated that the contaminant alone
is unlikely to cause adverse ecological effects and, therefore,
populations of omnivores (such as, western meadowlark) are
maintained. If the HQ >0.25, lines of evidence will be evaluated
to determine the potential for ecological risk and the need for
any additional measurements or calculations.

Policy Goal 2:
The protection of
terrestrial
populations and
ecosystems.

Assessment Endpoint 6:
Stable populations of terrestrial
predators.

Endpoint species: mammal -
coyote; bird - burrowing owl
and red-tailed hawk.

Measure 6: Modeled contaminant
concentrations in prey (such as, western
meadowlark and Great Basin pocket
mouse) based on modeled
concentrations of vapors in air and
particulates and depositions of
contaminant particulates to soil. These
concentrations are used to evaluate
exposure of predators. Chronic
exposure doses associated with no
adverse effect on survival and
reproduction.

Decision Rule for Assessment Endpoint 6:

If the HQ is <0.25, then it is indicated that the contaminant alone
is unlikely to cause adverse ecological effects and, therefore,
populations of terrestrial predators are maintained. 1f the HQ
>0.25, lines of evidence will be evaluated to determine the
potential for ecological risk and the need for any additional
measurements or calculations.
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Policy Goals, Ecological Assessment Endpoints, Measures, and Decision Rules for 200 Area and Surroundings

Policy Goals

Assessment Endpoint

Measures

Decision Rule

Policy Goal 3:
The protection of
aquatic
populations and
ecosystems.

Assessment Endpoint 7:
Stable populations of sediment-
dwelling organisms.

Endpoint species: clams, insects,
snails, and worms.

Measure 7: Modeled sediment
contaminant concentrations from
dispersion and deposition. Chronic
exposure concentrations associated with
no adverse effect on survival and
reproduction.

Decision Rule for Assessment Endpoint 7:

If the HQ is <0.25, then it is indicated that the contaminant alone
is unlikely to cause adverse ecological effects and, therefore,
populations of sediment-dwelling organisms are maintained. 1f
the HQ >0.25, lines of evidence will be evaluated to determine
the potential for ecological risk and the need for any additional
measurements or calculations.

Assessment Endpoint 8:
Stable populations of
planktivorous fish and small
invertebrates.

Endpoint species: water fleas
and other invertebrates.

Measure 8: Modeled surface water
contaminant concentrations. Chronic
exposure concentrations associated with
no adverse effect on survival and
reproduction.

Decision Rule for Assessment Endpoint 8:

If the HQ is <0.25, then it is indicated that the contaminant alone
is unlikely to cause adverse ecological effects and, therefore,
populations of small invertebrates are maintained. If the HQ
>0.25, lines of evidence will be evaluated to determine the
potential for ecological risk and the need for any additional
measurements or calculations.

Policy Goal 3:
The protection of
aquatic
populations and
ecosystems.

Assessment Endpoint 9: Stable
waterfowl and shorebird
populations.

Endpoint species: Canada
goose, spotted sandpiper.

Measure 9: Modeled contaminant
concentrations in benthic invertebrates
or aquatic plants based on modeled
contaminant concentrations in surface
water or sediments from dispersion and
deposition. These concentrations are
used to evaluate exposure of predators.
Chronic exposure doses associated with
no adverse effect on survival and
reproduction.

Decision Rule for Assessment Endpoint 9:

If the HQ is <0.25, then it is indicated that the contaminant alone
is unlikely to cause adverse ecological effects and, therefore,
populations of waterfowl and shorebirds are maintained. 1f the
HQ >0.25, lines of evidence will be evaluated to determine the
potential for ecological risk and the need for any additional
measurements or calculations.

Assessment Endpoint 10:
Stable populations of large
carnivorous fish population for
regulation.

Endpoint species: salmon, bass,
channel catfish.

Measure 10: Modeled surface water and
sediment contaminant concentrations.
Chronic exposure concentrations
associated with no adverse effect on
survival and reproduction.

Decision Rule for Assessment Endpoint 10:

If the HQ is <0.25, then it is indicated that the contaminant alone
is unlikely to cause adverse ecological effects and, therefore,
populations of large carnivorous fish are maintained. 1f the HQ
>0.25, lines of evidence will be evaluated to determine the
potential for ecological risk and the need for any additional
measurements or calculations.
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Table 8-2 Policy Goals, Ecological Assessment Endpoints, Measures, and Decision Rules for 200 Area and Surroundings
Policy Goals Assessment Endpoint Measures Decision Rule
Assessment Endpoint 11: Measure 11: Modeled contaminant Decision Rule for Assessment Endpoint 11:
Stable fish-eating terrestrial concentrations in large carnivorous fish |If the HQ is <0.25, then it is indicated that the contaminant alone
predator populations for and planktivorous fish and small is unlikely to cause adverse ecological effects and, therefore,
population regulation. invertebrates based on modeled surface |populations of fish-eating terrestrial predators are maintained. If
water and sediment concentrations. the HQ >0.25, lines of evidence will be evaluated to determine
Endpoint species: mammal - These concentrations are used to the potential for ecological risk and the need for any additional
mink; birds - great blue heron, |evaluate exposure of predators. Chronic |measurements or calculations.
bald eagle. exposure doses associated with no
adverse effect on survival and
reproduction.

T&E = Threatened and endangered.
NOAEL = No observed adverse effects level.
HQ = Hazard quotient.
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Table 8-3 Ecological Assessment TRV Surrogates

Constituent

Surrogate

S-nitroacenaphthene (CAS #602-87-9)

acenaphthene (CAS #83-32-9)

methyl isocyanate (CAS #624-83-9)

acrylonitrile (CAS #107-13-1)

trichlorofluoroethane (CAS #27154-33-2)

trichlorofluoromethane (CAS #75-69-4)

2,4-toluene diisocyanate (CAS #584-84-9)

2. 4-dinitrotoluene (CAS #121-14-2)

hydrogen chloride (CAS #7647-01-0)

chlorine (CAS #7782-50-5)
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Figure 8-2 Recreation and Wildlife Areas and the Hanford Reach
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Figure 8-3 Regional Geography, Water Bodies, Roads, and Co
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Figure 8-4 Vegetation Types of the Hanford Site
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Figure 8-5

Selected Raptor Nesting and Perching Locations on the Hanford Site

Hanford
/ Site
Boundary

wl] [ e & N
® wr o @y Y

Energy {
@u Northwest
) 400 Area
1, - % FFTF
%,
Z]
@ : M) 300 ,
@ Ferruginous Hawk Nest Locations A
with 1 Kilometer Buffer

Area A\

1100/
Bald Eagle Ground and Tree Perch 3000 Area | 0 \
Locations and/or Secondary Night Roost
Tree Locations

10 kilometers l

1 J

0 1 2 3 4 S5Smies ﬁ

£

Page 8-120



24590-WTP-RPT-ENV-14-002, Rev 0
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

Figure 8-6 WTP Areas Vegetation Types (Simplified)
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Figure 8-7 Fall Chinook Salmon Spawning Areas Along the Columbia River
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Figure 8-8 Trophic Levels and Measurement Receptor Species Evaluated in the Hanford Site
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Bold-faced type indicates measurement receptors for which exposure will be evaluated quantitatively.
Heavy lines indicate exposure pathways that will be evaluated quantitatively.

Thin lines indicate exposure pathways that will not be evaluated quantitatively.

Double arrow heads indicate food source is one of two potential exclusive food sources (see Section 8.2.1).
Line color indicates ingestion pathway (brown=soil, blue=water, green=plant, black=prey).

* Species specific measurement receptors not identified because the group is evaluated on a community level.
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Trophic Levels and Measurement Receptor Species Evaluated in the Columbia
River Aquatic Conceptual Exposure Model
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N—]
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Canada Goose Clar_ns, Insects Small Bluegill, Small Carp
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A A A A

Invertebrates, e.g., Zooplankton

A A

Rooted Plants * Floating Plants *
Phytoplankton
Sediment Surface Water
Nutrients  Detritus  Microbiota Nutrients  Detritus

Bold-faced type indicates measurement receptors for which exposure will be evaluated quantitatively.
Heavy lines indicate exposure pathways that will be evaluated quantitatively.

Thin lines indicate exposure pathways that will not be evaluated quantitatively.

Line color indicates ingestion pathway (brown=soil, blue=water, green=plant, black=prey).

* Species specific measurement receptors not identified because the group is evaluated on a community level.
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Figure 8-10  Exclusive Diets for Omnivores
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BCF, = Plant-to-Animal Bioconcentration Factor — = Minor Transfer Included
BCF,, = Water-to-Animal Bioconcentration Factor — — — = Transfer Not Included

FCM = Food Chain Multiplier

Pd = Air-to-Plant Uptake Factor from Particles Deposited on Leaf Surface
Pv = Air-to-Plant Uptake Factor of Vapors

Pr = Soil-to-Plant Uptake Factor
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1 Figure 8-11  Exclusive Diets for Carnivores

Mouse Tissue Concentration Exceeds Lark Tissue Concentration Exceeds
Lark Tissue Mouse Tissue
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Soil Water Soil Water

BCF = Soil-to-Animal Bioaccumulation Factor
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FCM = Food Chain Multiplier

———— = Transfer Not Included

* FCMs for Top Predators Are Used for ROPCs Only
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Figure 8-12  Relationship Between Sources and Biotransfer Factors for Calculating Terrestrial

Exposures
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Figure 8-13  Relationship Between Sources and Biotransfer Factors for Calculating Aquatic

Exposures
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9 Relationship of Risk Assessment to WTP

The intent of the SLRA is to provide information to help assess the impact of potential airborne emissions
from the WTP to people who live near or work on or near the Hanford site, to American Indians who use
resources on or near the Hanford site, and to plants and animals on or near the Hanford site. It is
important that people and the environment are not harmed because potential exposures are overlooked or
underestimated. It is also important to maximize the ability of the WTP to treat and immobilize tank
wastes and, in doing so, minimize potential release of tank contents into the environment through leaks or
spills. A balance of these goals will result through the iterative process of reviewing the RAWP,
reviewing and updating environmental parameters for the SLRA and WTP engineering design, and
calculating risk-based emission limits, as needed. This iterative process is shown on Figure 2-1.

During the PRA and FRA, any COPCs or ROPCs that exceed risk or hazard thresholds will be evaluated
further to determine the driving factors behind the risk and the potential uncertainty associated with them.
When the uncertainty associated with exposure parameters and toxicity values becomes reduced as much
as possible and when there are exceedances of the thresholds, risk-based emission criteria for COPCs will
be evaluated. Engineering design specifications, including changes to feed rate and acceptance criteria,
may be revised based on risk-based emission limits. Each major step of the process will include review
from regulatory agencies, American Indian tribes, and the public.

To better understand this iterative process, it is important to identify the relationship of the PRA and FRA
(Section 9.1), the sources of potential changes that could affect the risk assessments (Section 9.2), and
risk-based emission limits (Section 9.3). Each is briefly described below.

9.1 Relationship of the PRA and FRA

The PRA will be reviewed by regulatory agencies, by American Indian tribes, and by the public. Input
from all these reviewers will be included in decisions about succeeding steps in the SLRA process,
including refinement of the risk assessment assumptions for the FRA.

Both the PRA and FRA are designed to overestimate exposures to human and ecological receptors. To
help make risk management decisions, predicted risks and hazards are compared to thresholds. There are
thresholds for both human and ecological receptors. If the PRA indicates that total human health risks or
hazards to plausible receptors are below the thresholds of 1E-05 (excess cancer risk expressed as ILCR)
or 0.25 (HQ and HI), or if ESQs are less than the threshold of 0.25, the process will move on to the FRA
following the environmental performance demonstration tests. Additionally, for acute exposure, the
human HQ is set at 1.0.

These threshold values are summarized in Table 9-1 and described in Sections 7.4.1 and 7.4.2 (Human
Health) and Section 8.4.3 (Ecological). If the PRA indicates that human risks to plausible receptors are
greater than 1E-05 (ILCR), or if human noncancer HQs and Hls are greater than 0.25, or if ESQs are
greater than 0.25, or if human acute HQs are greater than 1.0, a number of actions will be considered.
Potential actions will include reevaluation of conservative exposure parameters for the risk assessment
and reevaluation of operating conditions.
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9.2  Sources of Potential Changes in the Risk Assessment

A risk assessment represents the status of receptors, facility, and toxicity knowledge at a point in time. 1If
land use changes or if new site-specific data becomes available to replace default exposure assumptions,
the assumptions used in the PRA may change. If there are changes in engineering design of the WTP that
result in changes in emissions estimates, exposures may change; if site-specific uptake factors for the food
chain become available, exposures may change; if there are revisions to toxicity data for some COPCs or
ROPCs, ILCR risks and HQs and Hls for those COPCs and ROPCs may change. If any of these changes
occur, the SLRA could be revisited to assess potential impacts to public welfare and the environment.

The PRA will evaluate the risks posed by the projected WTP emissions. Assuming these emissions do
not pose unacceptable risks they will be incorporated into the DWP. The FRA will evaluate the risks
posed by the projected emissions and for the HLW and LAW vitrification systems will evaluate emissions
from environmental performance demonstration tests. Assuming these emissions do not pose
unacceptable risks they will be incorporated into the WTP Permit replacing the PRA data. If either the
PRA or the FRA exceed the thresholds listed in Table 9-1 additional site-specific data will be evaluated
including evaluation of anticipated feed composition and projecting operating conditions.

9.3 Risk-Based Emissions Limits

Risk-based emission limits will be developed if risk and hazard thresholds are exceeded and if
modification of overly conservative assumptions do not resolve any exceedances. These emission limits
will be established following the PRA and the FRA. Risk-based emission limits will be provided for
plausible exposure scenarios. Risk-based emission limits will be calculated for any COPC that exceeds
risk thresholds in the PRA and FRA. If no individual COPC risks or hazards exceed these thresholds but
the total risk or hazard exceeds thresholds, risk-based emission limits will be calculated for the COPCs
having the largest contribution to this total risk or hazard. Additional site-specific information, and the
results of the environmental performance demonstration test, will be available for the FRA and
considered in development of risk-based emissions limits. Risk thresholds that are exceeded will be
addressed to the satisfaction of Ecology and EPA and submitted for public comment prior to approval of
the PRA and FRA.

9.3.1 Human Health Risk-Based Emission Limits

Risk-based emission limits will be calculated for COPCs with human health risks or hazards to plausible
receptors greater than 1E-05 (ILCR) or 0.25 (HQ and HI). If no individual COPC risks or hazards exceed
these thresholds but the total risk or hazard exceeds thresholds, risk-based emission limits will be
calculated for the COPCs having the largest contribution to this total risk or hazard. Using the same
exposure scenarios, pathways, toxicity values, and equations used to calculate plausible risk estimates,
acceptable COPC concentrations in various media will be determined such that the corresponding total
risk or hazard (across all media) is below the threshold values of 1E-05 (ILCR) and 0.25 (HQ and HI) for
each plausible receptor. For acute exposure, the HQ threshold is 1.0. Air dispersion modeling results will
then be used to convert these media concentrations to risk-based emission limits.

9.3.2 Ecological Risk-Based Emission Limits
Risk-based emission limits will be calculated for COPCs with ESQs greater than 0.25, or for driver

chemicals if the total ESQ is greater than 0.25. Risk-based emission limits will be calculated for a given
ecological receptor using the same exposure and food-web assumptions, toxicity values, and equations
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used to calculate plausible ecological risk estimates. The risk equations will be used to back-calculate
acceptable COPC concentrations in various media starting with an ESQ of 0.25. Air dispersion modeling
results will then be used to convert these media concentrations to risk-based emissions limits.

94  Summary

In summary, the PRA will be submitted for review by regulatory agencies, American Indian tribes, and
the public. If the PRA shows risks and hazards below the thresholds, the FRA will be performed and
submitted following the environmental performance demonstration tests. 1f hazards or risks predicted in
the PRA are above the thresholds, regulatory authorities will be consulted and the next course of action
will be decided. Examples of potential actions are re-evaluating exposure parameters to determine
whether the risk assessment was overly conservative and revising the operating plans to reduce emissions.
If thresholds are still exceeded in the PRA, then risk-based criteria will be developed. All of these steps
will help ensure that WTP operations will be conducted in a manner safe to human and ecological
receptors on and near the Hanford site.
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Table 9-1 Overview of Risk Thresholds for COPCs and ROPCs in the PRA for the WTP
Chronic Exposures Acute Exposures
Carcinogens Noncarcinogens
Hazard Hazard Index
Quotient or or Total
Incremental Ecological Ecological
g gt Screening Screening Acute Hazard Acute Hazard
Lifetime Quotient Quotient Quotient Index
Cancer Risk
Receptor (ILCR) (HQ or ESQ) (HI or ESQ) (AHQ) (AHID)
Chemicals of Potential Concern
1E-05
Human or 0.25 0.25 1.0 1.0
1 in 100,000
Plants and Animals NA 0.25 0.25 NA NA
Radionuclides of Potential Concern
1E-05
Human or NA NA 1.0 1.0
1 in 100,000
Plants and Animals NA 0.25 0.25 NA NA

NA = Not applicable.
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10 Uncertainty Assessment

Uncertainty or technical doubt is introduced into the human health and ecological risk assessments at
every step of the process. As noted by EPA (2005), uncertainty occurs because risk assessment is a
complex process, requiring integration of source information, fate and transport in various environments,
exposure assessment, and effects assessment. Uncertainty is inherent in the risk assessment process even
when the most accurate, up-to-date data and the most sophisticated models are used. Four types of
uncertainty are addressed here:

e General (that is, non-effects) parameter uncertainty and variability
e Effects parameter uncertainty and variability
e  Model uncertainty

e Decision-rule uncertainty

General parameter uncertainty occurs when variables used in equations cannot be measured precisely or
accurately or have not been measured (such as lack of data). Other parameters are measurable and are
represented by single fixed values, but actually have variability (such as body weight).

Effects parameter uncertainty and variability are associated with toxicity values (cancer slope

factors [CSF's] and unit risk factors [ URF's], reference doses [RfDs] and reference concentrations [RfCs]
for human receptors, and toxicity reference values [7RVs] and benchmarks for ecological receptors),
ecological measurement endpoints, and ecological assessment endpoints. Uncertainty occurs as a result
of deficiencies in experimental design, extrapolation from experimental conditions to environmental
conditions, or complete lack of effects information. Variability occurs as a result of variations in receptor
sensitivity due to age, genetics, pre-existing conditions, presence of predators, or other environmental
stressors.

Model uncertainty is associated with all models used in all phases of the risk assessments, including air
dispersion and other environmental models, animal models used as surrogates for testing human health
effects, and dose response models used in extrapolation of laboratory data to human health or ecological
effects. All models are simplifications of reality, and therefore exclude some variables to reduce
complexity and/or to compensate for missing data. The models identified in this environmental RAWP
were selected on the basis of scientific policy because they provide the information needed to conduct the
risk assessments and are considered by Ecology and EPA to be state-of-the-science models.

Decision-rule uncertainty arises out of the need to balance different social concerns when determining an
acceptable level of risk. Decision-rule uncertainty is associated with the choice of models used, the
selection of constituents to be included in the analysis, the default parameter values used, the dependence
on single-point estimates of toxicity (human RfDs/RfCs and CSFs/URFs and ecological TRV’s), and the
selection of risk and hazard thresholds for evaluating the results of the SLRA.

An overview of the potential sources of uncertainty in the SLRA is provided in Section 10.1. A
discussion of how uncertainty will be addressed in the PRA is provided in Section 10.2.
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10.1 Sources of Uncertainty in the SLRA

A brief summary of the sources of uncertainty in each step of the risk assessment is provided below.
Additional discussion is provided in Sections 4.2, 5.5, 6.8, 7.5, and 8.6 of this RAWP. One or more of
the four types of uncertainty described above impact each of these steps.

10.1.1 Identification of Constituents of Potential Concern

The identification of COPCs and ROPCs discussed in Section 4 is uncertain because these constituents
are identified before operation of the WTP and must rely on assumptions regarding what may be in the
waste feed and what may be produced as products of incomplete combustion (PICs). Test data collected
for the FRA during the environmental performance demonstration will reduce, but not eliminate, this
uncertainty because this test data will include uncertainty due to tentatively identified compounds (T1Cs),
detection limits, and variations in actual waste feed.

10.1.2 Estimation of Emissions

The primary sources of uncertainty in the emissions estimate are as follows:

e Characterization data that describes the waste feed streams to the WTP PT Facility
e Decontamination efficiency of the air pollution control equipment
e Creation of PICs by the WTP

e Potential impact of upset conditions and abated fugitive emissions on the overall emission rates

10.1.3 Environmental Modeling

Uncertainties are associated with each aspect of the environmental modeling (air-dispersion modeling,
soil accumulation modeling, surface water accumulation modeling, sediment accumulation modeling, and
plant accumulation modeling). Uncertainties are associated with both the models themselves, because
models are simplifications of reality, and with the parameters and data used in the models.

10.1.4 Human Health Risk Assessment

Uncertainties associated with the COPC and ROPC selection, emission rates, and environmental
modeling all contribute to the uncertainty in the HHRA. Sources of uncertainty unique to the HHRA are
associated with each step of the HHRA: data evaluation, exposure assessment, toxicity assessment, and
risk characterization.

Sources of uncertainty in the data evaluation are described above in Sections 10.1.1 and 10.1.2. Sources
of uncertainty in the exposure assessment include contaminant concentrations in exposure media,
exposure parameter uncertainty and variability in land-use assumptions, and selection of representative
receptor populations and exposure parameter values. Sources of uncertainty in the toxicity assessment
include effects uncertainty and variability in toxicity values (RfDs/RfCs and CSFs/URFs) and toxicity
value data gaps, and surrogates to fill some toxicity data gaps. The risk characterization combines the
results of the exposure assessment and toxicity assessment. Therefore, all of the uncertainty in these two
steps, as well as the steps prior to the exposure assessment (such as environmental modeling), contributes
to the uncertainty in the risk characterization. Additional uncertainty in the risk characterization step
surrounds the practice of summing risks and hazard results across all chemicals and exposure pathways,
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regardless of the mode of action. Also, uncertainty is associated with the eventual human health risk and
hazard outcomes and their interpretation.

10.1.5 Ecological Risk Assessment

Uncertainties associated with the COPC and ROPC selection, emission rates, and environmental
modeling also contribute to the uncertainty in the ERA. Sources of uncertainty unique to the ERA are
associated with each of the four inter-related steps of the ERA: problem formulation, exposure
assessment, effects assessment, and risk characterization.

Sources of uncertainty in the problem formulation include identification of representative receptor
populations and exposure media. Sources of uncertainty in the exposure assessment include exposure
parameter uncertainty and variability included in selection of representative exposure parameter values
and contaminant concentrations in exposure media. Sources of uncertainty in the effects assessment
include effects uncertainty and variability in toxicity values (TR Vs and benchmark values) and toxicity
value data gaps. The risk characterization combines the results of the exposure assessment and effects
assessment. Therefore, all of the uncertainty in these two steps, as well as the steps prior to the exposure
assessment (such as environmental modeling) contributes to the uncertainty in the ecological risk
characterization. Additional uncertainty in the risk characterization step surrounds the practice of
summing hazard results across all chemicals regardless of the mode of action. Also, uncertainty is
associated with the eventual ecological risk outcomes and their interpretation.

10.2 Uncertainty Assessment in the PRA

The purpose of the uncertainty assessment is to identify and discuss uncertainty associated with the
quantitative estimates of human health and ecological risk for the WTP. This discussion serves to place
the risk estimates in proper perspective to allow fully informed risk management decisions.

The EPA (2005) notes that: “The science of risk assessment is evolving; where the science base is
incomplete and uncertainties exist, science policy assumptions must be made.” Therefore, it is important
for risk assessments of treatment facilities such as the WTP to identify uncertainties in the assessment.
To meet this obligation, the PRA report will provide an uncertainty analysis that will include:

e Tables listing the general assumptions in each step of the assessments, the rationale for these
assumptions, their potential effect on estimates of risk, and the direction and approximate magnitude
of the effect

e An analysis of the key assumptions impacting the COPCs and ROPCs, receptors, and exposure
pathways that are risk drivers (such as result in risks above or slightly below the established threshold
values)

e An evaluation of several other specific sources of uncertainty associated with gaps in our scientific
knowledge, or scientific debates over the most appropriate approaches

Each of these items is addressed in more detail below.

10.2.1 Uncertainty Tables

Tables listing the general assumptions in each step of the assessments, the rationale for these assumptions
and their potential effect on estimates of risk (overestimation or underestimation), and the approximate
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magnitude of the effect (minor or major) will be included in the uncertainty assessment. These tables will
focus on categories of assumptions rather than specific assumptions. For example, residential exposure
parameters may be included, whereas details of each exposure parameter (such as soil ingestion rate or
body weight) will not be included. Examples of the planned table formats and contents are provided as
Table 10-1 through Table 10-5.

10.2.2 Uncertainty Analysis of Key Assumptions

In addition to the tables described above, a more detailed analysis of the key assumptions impacting the
COPCs and ROPCs, human and ecological receptors, and exposure pathways that are risk drivers (such as
a result in risks above or slightly below the established threshold values) will be included in the PRA.
Examples of possible scenarios resulting in an analysis of key assumptions for the HHRA and ERA are
provided below.

e If'the total estimated incremental lifetime cancer risk to a resident at the Hanford offsite maximum is
9E-06 (that is, 9 excess cancers in 1,000,000 people) and slightly below the risk threshold of 1E-05
(that is, 10 excess cancers in 1,000,000 people), the uncertainty analysis will focus on the specific
constituents and exposure pathways that result in this risk and any assumptions that could result in the
actual risk being higher or lower. For example, if the risk due to ingestion of one COPC in
homegrown produce is 8E-06 and the total risk from all other COPCs and pathways is 1E-06, the
uncertainty analysis would focus on the models and assumptions used to estimate the concentration of
that chemical in plants, the residential produce ingestion assumptions, and the toxicity data for the
one chemical of interest. This analysis will serve to evaluate whether this risk estimate is likely to be
an overestimate or underestimate of reality, and if so, to what extent.

e If'the total ESQ to a Great Basin pocket mouse at the onsite ground maximum is 0.35 (slightly above
the hazard threshold of 0.25), the uncertainty analysis will focus on the specific chemicals and
specific exposure pathways that result in this hazard and any assumptions that could result in the
actual hazard being higher or lower. For example, if the hazard due to ingestion of one COPC in soil
invertebrates is 0.20 and the hazard due to ingestion of another COPC in soil invertebrates is 0.10, the
uncertainty analysis will focus on whether or not it is appropriate to add the ESQs for these two
chemicals, the models and assumptions used to estimate the concentrations of these two chemicals in
soil invertebrates, the assumption that the mouse has an exclusive diet of soil invertebrates, and the
toxicity data for these two chemicals. This analysis will serve to evaluate whether this hazard
estimate is likely to be an over- or underestimate of reality, and if so, to what extent.

These are just two examples of the type of specific uncertainty assessment that may be triggered by the
findings of the PRA.

10.2.3 Alternate Exposure Scenarios
10.2.3.1 Future Exposure at the Onsite Ground Maximum Location

The Record of Decision (ROD): Hanford Comprehensive Land-Use Plan Environmental Impact
Statement (64 FR 61615) indicates that DOE has chosen to implement the DOE Preferred Alternative
land-use map which designates the Central Plateau (including the ground-maximum location) geographic
area Industrial-Exclusive. This land-use designation is consistent with DOE’s current management and
operation and allows DOE to continue waste management operations in this area of the site and to expand
existing facilities or develop new facilities to meet future mission needs. Although this land-use
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designation precludes the potential exposure to contaminants from residential occupation at the ground
maximum, DOE acknowledges that the Comprehensive Land-Use Plan (CLUP) is an ongoing process
(DOE 2008). If the land-use designation is modified and potential residential occupation at alternate
locations (such as the onsite ground maximum or other parts of the site interior) becomes a possibility, the
uncertainty assessment in the PRA will include estimated risks to selected receptors as a result of living at
the alternate locations in the future timeframe. This assessment will be performed by incorporating future
deposition values into the respective exposure scenarios for the appropriate pathways (incidental soil
inhalation/ingestion, homegrown produce and livestock) at the location of interest. Note that future
exposure at the onsite ground maximum is considered a worst-case scenario because future development
at this location is unlikely due to the presence of other industrial and hazardous waste operations in the
200 Areas.

10.2.3.2  Alternate American Indian Exposure Scenarios

Currently, the only American Indian scenario endorsed by the DOE is the American Indian hunter-
gatherer exposure scenario developed for the Final Tank Closure and Waste Management Environmental
Impact Statement for the Hanford Site (TC&WM EIS, DOE 2012). This exposure scenario has been
adapted for use in this SLRA and associated risk assessment results will be reported along with other
receptors of interest in the PRA. However, the American Indian scenario described in the TC&MW EIS
does not necessarily have the full endorsement of regional American Indian tribes whose treaty rights
grant them access to the Hanford site. Accordingly, two alternative American Indian scenarios have been
developed for this risk assessment and will be fully evaluated and reported as part of the uncertainty
assessment of the PRA. The lifestyle and exposure parameters of the first alternate resident subsistence
American Indian are primarily based on data from Exposure Scenario for CTUIR Traditional Subsistence
Lifeways (Harris and Harper 2004), Application of the CTUIR Traditional Lifeways Exposure Scenario in
Hanford Risk Assessments (Harris 2008), and “A Native American Exposure Scenario” (Harris and
Harper 1997). The lifestyle and exposure parameters of the second alternate resident subsistence
American Indian are primarily based on data from Yakama Nation Exposure Scenario for Hanford Site
Risk Assessment (RUDOLFI Inc. 2007). Where these guidance documents omitted necessary
information, exposure parameters were established using information published in the EFH (EPA 1997a).
Children’s exposure parameters were developed by proportioning the child caloric intake reported in the
CSEFH (EPA 2008) according to the various proportions of meat, vegetable, roots, etc., in the diet of the
adult tribal member as reported in the guidance documents cited above. The specific exposure parameters
associated with these two alternate resident subsistent American Indian exposure scenarios are presented
in Section 7.1.3.9. Incorporation of these alternate scenarios into the uncertainty assessment of the PRA
will provide data of interest for regional tribes without contradicting the American Indian scenario
established in the TC&MW EIS.

10.2.4 Other Specific Uncertainty Issues

Several sources of uncertainty associated with gaps in our scientific knowledge or scientific debates over
the most appropriate approaches to use are identified throughout this RAWP. These issues, as detailed
below, will be discussed in the PRA uncertainty assessment:

e Offsite Exposure Point Concentrations — In order to help quantify the degree of conservatism
associated with using the 90th percentile of air concentration and deposition values from the offsite
grid, the location and species values associated with the point of highest annual total air concentration
and deposition will be determined in the uncertainty assessment. Total air concentration (Concry,)
and deposition (Depr,.;) values for each year and offsite exposure grid node will be computed
according to:
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Concro = Cyvpr + Cypapw + OV + C¥ppr + CVPLaw + CVPrw, + C¥Ppr, + CVPLaw, + CVP i,
Depyyyy = Dydvpp + Dydv, ;. + Dydvy, y, + Dywvpy + Dywv,  + Dywvy,, +

Dydppr + Dydp, 4 + Dydp, + Dydppr, .+ Dydp, 4, + Dydpy,y,  +

Dywppr + Dywp, gy + Dywpyy, . + Dywppr, + Dywp, gy, + Dywpy, .

Where
Concr,, = the total air concentration (in pgs/g m3)
Deprya =  the total deposition (in s/m*yr)

other variables as defined in Section 6.1.4.3

A comparison of all years and grid node values will be used to determine the maximum values of
Concry, and Depr,,, along with their corresponding grid node coordinates (easting and northing, as
represented here by the notation Xcone, Yeone and Xpgp, Ypep, corresponding to Concr,,,y and Depror,
respectively). High values for Cyv, Cyp,, Cypss, Dydv, Dydp,, Dydp, s, Dywv, Dywp,, and Dywp; s
will derived from the offsite grid points associated with Xconc, Yeone and Xpgp, Ypep and
corresponding EPCs will be computed for comparison to those EPCs computed using 90™ percentiles.
Implications of this comparison will be presented in the uncertainty assessment of the PRA report.

Nursing infant assessment — Potential risks to nursing infants from dioxin-like compounds will be
evaluated by comparing the estimated infant dose of dioxins, furans, and coplanar PCBs from the
WTP to the background infant dose of these chemicals throughout the United States. The background
infant dose referenced in this RAWP may overestimate current exposures because dioxin exposures in
the United States have been decreasing for many years. The source of this value and potential range
of background infant doses will be discussed further in the uncertainty assessment of the PRA report.
There is currently no consensus regarding the most appropriate single approach to quantitatively
evaluate potential risks associated with exposure to dioxin-like compounds by nursing infants.
Alternative approaches to the two preferred methods to be used in the PRA (that is, comparison to
background and lifetime risk) include calculating infant risks using (1) the estimated infant ADD
calculated with a exposure duration equal to the period of breast feeding and an equivalent averaging
time, and (2) the estimated infant LADD calculated with a exposure duration equal to the period of
breast feeding and a 70-year averaging time. These alternative methods will be presented in the
uncertainty assessment of the PRA report.

Partial exclusion of dermal pathway from the HHRA — Dermal exposure pathways (to soil,
surface water, or air) will not be included in the PRA, with the exception of the sweat lodge exposure
pathway, because dermal exposure pathways have been identified as insignificant contributors to risk
in numerous risk assessments prepared or reviewed by EPA for airborne emissions from thermal
treatment facilities. If initial PRA results indicate that the soil or surface water ingestion or inhalation
pathways result in risks that are borderline (that is, close to the risk or hazard threshold) for any
plausible receptor, then dermal exposure to that medium may be included in the PRA. A discussion
of the potential impact associated with exclusion of this minor pathway from the quantitative risk
assessment will be included in the uncertainty assessment of the PRA.

Evaluation of PAHs — Potential human cancer risks associated with 7 polycyclic aromatic
hydrocarbons (PAHs) considered to be carcinogenic by EPA (1993) will be evaluated using a RPF
approach. The RPFs for an additional 15 PAHs are available from the California (Cal EPA 1999). If
the total estimated risk from PAHSs is near 1E-05, these additional 15 PAHs will be considered in the
uncertainty analysis.

Dioxin slope factor — Potential human cancer risks associated with dioxins and coplanar PCBs will
be evaluated using the cancer CSF of 1.0E+06 (mg/kg-day) ™ proposed in the Exposure and Human
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Health Reassessment of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) and Related Compounds
(EPA 2003), and as suggested by Ecology and EPA Region 10 (CCN 063809). While this proposed
CSF has not yet been approved by EPA, it is more conservative than the current CSF published in the
HEAST (EPA 1997b). A discussion of comparative risk results will appear in the uncertainty section
of the PRA.

Toxicity data gaps — The COPCs without toxicity values (RfD, RfC, CSF, URF, TRV, ecological
benchmarks) cannot be included in the quantitative risk assessments. The potential impact of these
COPCs on the risk results will be discussed in the uncertainty assessment.

Route-To-Route Extrapolations — Uncertainties are associated with the estimation of dermal
toxicity values from oral values. The URF and RfC,,;, derived from the CSF;,, and RfD;,, using the
conversion in WAC 173-340-708(7)b will have uncertainty if the respiratory deposition and
absorption characteristics of the gases and inhaled particles is unknown. Constituents for which a
route-to-route extrapolated toxicity was used will be identified and a qualitative discussion of the
impact will be included.

Radiation benchmarks — The whole-organism radiation benchmarks for ecological receptors
identified in this RAWP have uncertainty associated with them, because they do not take into account
effects on sensitive tissues, critical organ effects, relative biological effectiveness, and
microdosimetry issues. These issues are currently being investigated by the scientific community and
will be mentioned in the uncertainty assessment,

Microdosimetry of radionuclides — Possible synergistic effects of multiple radionuclides and
microdosimetry to root hairs, eggs, embryos, and so forth for ecological receptors are currently being
investigated and developed by researchers. The current status of this research will be mentioned in
the uncertainty discussion in the PRA,

Exclusion of external alpha radiation — The possible effects of external alpha radiation on
ecological receptors will be included in the uncertainty assessment of the PRA because external alpha
radiation should add only insignificantly to the whole-body dose for organisms (Blaylock and others
1993). The potential impact of omitting alpha radiation will be identified in the uncertainty
assessment.

Summations of risks — The PRA will include summations of the total COPC and ROPC risks and
hazards as listed below:

— Total cancer risk to human receptors from all COPCs
— Total cancer risk to human receptors from all ROPCs
— Total HI for human receptors from all COPCs

— Total ESQ for ecological receptors from all COPCs
— Total ESQ for ecological receptors from all ROPCs

These total risk and hazard calculations will be based on the assumption that the effects of all COPCs or
ROPCs to a given receptor are summed. If risk or hazard thresholds are exceeded, a segregation of the
constituents by toxicological mode of action and endpoint will be considered. If segregation by
toxicological mode of action or endpoint is used, chemical groupings by endpoint will be assigned with
approval by Ecology and EPA.

These issues, associated with gaps in our scientific knowledge or with scientific debates over the most
appropriate approaches, and any other issues identified while conducting the PRA, will be included in the
PRA uncertainty assessment.
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10.3 Summary of Uncertainty Assessment

Uncertainty is inherent in every step of the risk assessment process. An uncertainty assessment will be
included in the PRA to (1) identify sources of uncertainty associated with the quantitative estimates of
human health and ecological risk from the WTP, (2) estimate the potential magnitude of key uncertainties
that could influence the results of the PRA, and (3) show other analyses associated with data gaps and
scientific discussion. The uncertainty assessment will be used to place the risk estimates in proper
perspective to allow fully informed risk management decisions.

10.4 References
10.4.1 Project Documents

CCN 063809, Ecology/EPA to WTP Regarding Dioxin Slope Factor and Acute Hazard Threshold,
Personal communication between SAIC, US Environmental Protection Agency, Region 10, and
Washington Department of Ecology, at a meeting held on 23 and 24 April 2003 in Seattle, Washington.

10.4.2 Codes and Standards

None.

10.4.3 Other Documents

Blaylock BG, Frank ML, and O’Neal BR. 1993. Methodology for Estimating Radiation Dose Rates to
Freshwater Biota Exposed to Radionuclides in the Environment, ES/ER/TM-78. Oak Ridge National
Laboratory, Oak Ridge, Tennessee.

Cal EPA. 1999. Air Toxics Hot Spots Program Risk Assessment Guidelines. Part I, The Determination
of Acute Reference Exposure Levels for Airborne Toxicants, March 1999. California Environmental
Protection Agency, Sacramento, California.

DOE. 2008. Draft Hanford Comprehensive Land-Use Plan Environmental Impact Statement Supplement
Analysis, DOE/EIS-0222-SA-01, US Department of Energy, Richland, Washington.

DOE. 2012, Final Tank Closure and Waste Management Environmental Impact Statement for the
Hanford Site, DOE/EIS-0391, US Department of Energy, Richland, Washington.

EPA. 1993. Provisional Guidance for Quantitative Risk Assessment of Polycyclic Aromatic
Hydrocarbons, EPA-600-R-93-089, July 1993. US Environmental Protection Agency, Washington, DC.

EPA. 1997a. Exposure Factors Handbook, EPA/600/P-95/002Fa. Office of Research and Development,
US Environmental Protection Agency, Washington, DC.

EPA. 1997b. Health Effects Assessment Summary Tables (HEAST) FY-1995 Annual, EPA/540/R-
95/036. Office of Solid Waste and Emergency Response, US Environmental Protection Agency,
Washington, DC.
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Example of Sources of Uncertainty in Identification of COPCs and ROPCs

Examples of
Sources of Uncertainty

Description

Potential Direction and Magnitude

of Risk"
Over- Not Under-
estimation defined | estimation

Tank characterization data

Constituents identified in tank waste are
included as COPCs and ROPCs.

Nondetected constituents

Constituents not detected in tank waste but
which may have been used at Hanford are
included as COPCs and ROPCs.

PICs identified in bench-
scale testing

Constituents identified in bench-scale testing
are included as COPCs and ROPCs.

PICs identified at
hazardous waste
combustion facilities

Constituents identified in emissions from
hazardous waste combustion facilities are
included as COPCs and ROPCs.

* This is an example of the information to be included in the uncertainty table in the PRA report and is not intended to be inclusive

of all sources of uncertainty.

® These columns will indicate whether the assumption used to compensate for the uncertainty is likely to overestimate or
underestimate the actual risk, or whether the direction cannot be identified. The potential magnitude of this impact will be
identified as minor (+, o, -) or major (++, 0o, --).

Page 10-10




Table 10-2

24590-WTP-RPT-ENV-14-002, Rev 0
Environmental Risk Assessment Work Plan for the
Hanford Tank Waste Treatment and Immobilization Plant

Example of Sources of Uncertainty in Emissions Estimate

Examples of
Sources of Uncertainty

Description

Potential Direction and Magnitude

of Risk”
Over- Not Under-
estimation defined | estimation

Starting concentration of
constituents in tank
waste

Identified organics are multiplied by a scaling
factor to adjust for unidentified organics.

Tanks assumed to have highest organic
concentration were used for analysis.

Throughput of treatment
system

System is assumed to run at full capacity for 40
years.

Efficacy of pollution
control equipment

Removal is based on engineering design and
assumptions rather than measured values

Assignment of phase

Each COPC and ROPC is assumed to be present
as either vapor, particulate, or particulate-bound.
Some constituents may be present as a
combination of phases.

Default upset factors for
vapor-phase emissions

Default upset factors are based on recorded
operating conditions at hazardous waste
combustion units.

* This is an example of the information to be included in the uncertainty table in the PRA report and is not intended to be inclusive

of all sources of uncertainty.

® These columns will indicate whether the assumption used to compensate for the uncertainty is likely to overestimate or
underestimate the actual risk, or whether the direction cannot be identified. The potential magnitude of this impact will be
identified as minor (+, o, -) or major (++, 0o, --).
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Example of Sources of Uncertainty in Environmental Modeling

Examples of
Sources of Uncertainty

Description

Potential Direction and Magnitude

of Risk”
Over- Not Under-
estimation defined | estimation

Air Dispersion Modeling

COPC and ROPC lists All COPCs and ROPCs are modeled; therefore,
uncertainty in this list will be carried into the
air dispersion modeling.

Emission Rates of COPCs | Estimated emission rates are the starting point

and ROPCs for predicting airborne dispersion; therefore,

uncertainty in these estimates will be carried
into the air dispersion modeling.

Use of CALPUFF air
dispersion model

Simulation of the atmospheric dispersion of
emissions is limited by data limitations and
simplifications inherent in the model.

Surface meteorological
data for 01 January 2002
through 31 December
2006

This is considered representative of long-term
conditions.

Particle size distribution

Particle size influences deposition. Particle
sizes of 1 um and 2.5 pm are assumed.

Land use and terrain data

Data represents land uses at a point in time,
with terrain resolution that varies from 70 m to
90 m, with an absolute accuracy of 130 m in
the horizontal and 30 m in the vertical.

Soil Accumulation Modeling

COPC and ROPC list

All COPCs and ROPCs are modeled; therefore,
uncertainty in this list will be carried into the
soil accumulation modeling.

Emission rates of COPCs
and ROPCs

Estimated emission rates are the starting point
for predicting airborne dispersion and air
dispersion is the starting point for predicting
soil concentrations; therefore, uncertainty in
these estimates will be carried into the soil
accumulation modeling.

Constituent deposition
rates

Air dispersion is the starting point for
predicting soil concentrations; therefore,
uncertainty in these estimates will be carried
into the soil accumulation modeling.
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Table 10-3 Example of Sources of Uncertainty in Environmental Modeling

Examples of
Sources of Uncertainty

Description

Potential Direction and Magnitude

of Risk”
Over- Not Under-
estimation defined | estimation

Descriptive soil
parameters

Parameters such as mixing depth, bulk density,
and volumetric water content, which are
assigned a single value, may vary widely over a
relatively small area.

Soil loss mechanisms —
degradation

COPCs in soil are subject to loss due to biotic
and abiotic degradation; however,
transformation and subsequent increase of
secondary COPCs are not considered in the
assessment.

Degradation rates, which are assigned a single
value, generally from laboratory testing, may
vary widely under environmental conditions.

Surface Water and Sediment Accumulation Modeling

COPC and ROPC list

All COPCs and ROPCs are modeled; therefore,
uncertainty in this list will be carried into the
surface water and sediment modeling.

Emission rates of COPCs
and ROPCs

Estimated emission rates are the starting point
for predicting airborne dispersion and air
dispersion is the starting point for predicting
surface water concentrations; therefore,
uncertainty in these estimates will be carried
into the surface water and sediment modeling,

Constituent deposition
rates

Air dispersion is the starting point for
predicting surface water concentrations;
therefore, uncertainty in these estimates will be
carried into the surface water and sediment
modeling.

Surface water and
sediment model

Equations used to model the fate of COPCs and
ROPCs deposited into the water body greatly
simplify the mechanisms occurring within such
a dynamic system.

Deposition area

The maximum deposition of COPCs and
ROPCs is assumed over the entire depositional
area of the water body.

Descriptive surface water
and sediment parameters

Parameters such as depth of water column and
depth of upper benthic sediment layer, which
are assigned a single value, may vary widely.
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Example of Sources of Uncertainty in Environmental Modeling

Potential Direction and Magnitude

of Risk”
Examples of Over- Not Under-
Sources of Uncertainty Description estimation | defined | estimation
Plant Accumulation Modeling

COPC and ROPC list

All COPCs and ROPCs are modeled; therefore,
uncertainty in this list will be carried into the
plant modeling.

Emission rates of COPCs
and ROPCs

Estimated emission rates are the starting point
for predicting environmental concentrations;
therefore, uncertainty in these estimates will be
carried into the plant modeling.

Air dispersion modeling

Airborne concentrations are the starting point
for predicting direct uptake from air; therefore,
uncertainty in these estimates will be carried
into the plant modeling.

Constituent deposition
rates

Deposition is the starting point for predicting
plant concentrations from direct deposition;
therefore, uncertainty in these estimates will be
carried into the plant modeling.

Soil accumulation
modeling

Soil concentration is the starting point for
predicting uptake into plants; therefore,
uncertainty in these estimates will be carried
into the plant modeling.

Plant uptake factors

Air-to-plant and soil-to-plant uptake factors,
which are assigned a single value, generally
from laboratory testing of a limited number of
chemicals, may vary widely depending on
constituent, plant species, and environmental
conditions.

Descriptive plant
parameters

Parameters such as length of growing season
and yield, which are assigned a single value,
may vary widely among plant species and
agricultural practices.

* This is an example of the information to be included in the uncertainty table in the PRA report and is not intended to be inclusive

of all sources of uncertainty.

® These columns will indicate whether the assumption used to compensate for the uncertainty is likely to overestimate or
underestimate the actual risk, or whether the direction cannot be identified. The potential magnitude of this impact will be
identified as minor (+, o, -) or major (++, 0o, --).
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Assessment

Example of Sources of Uncertainty in Human Health Risk

Examples of
Sources of Uncertainty

Description

Potential Direction and Magnitude

of Risk"
Over- Not Under-
estimation defined | estimation

Exposure Assessment

COPC and ROPC list All COPCs and ROPCs are modeled; therefore,
uncertainty in this list will be carried into the
HHRA.

Emission Rates of COPCs | Estimated emission rates are the starting point

and ROPCs for predicting environmental concentrations;

therefore, uncertainty in these estimates will be
carried into the HHRA.

Air dispersion modeling

Airborne concentrations are the starting point
for predicting inhalation exposures; therefore,
uncertainty in these estimates will be carried
into the HHRA

Soil accumulation
modeling

Soil concentration is the starting point for
predicting soil ingestion exposures and uptake
into foodstufts; therefore, uncertainty in these
estimates will be carried into the HHRA.

Surface water
accumulation modeling

Surface water concentration is the starting point
for predicting drinking water, fish ingestion,
and sweat lodge exposures; therefore,
uncertainty in these estimates will be carried
into the HHRA.

Plant accumulation
modeling

Plant concentration is the starting point for
predicting produce ingestion exposures and
concentrations in animal products; therefore,
uncertainty in these estimates will be carried
into the HHRA.

Exposure parameters

Exposure parameters are a combination of
average (such as body weight) and upper-
bound (such as soil ingestion) point estimates
of parameters that vary widely among
individuals.

Toxicity Assessment

Cancer slope factors
(CSFs) for COPCs

CSFs are a plausible upper-bound estimate of
the probability of a cancer, per unit intake of a
chemical, over a lifetime. Most chemical CSFs
are based on animal data.

Cancer slope factors for
ROPCs

CSFs are central estimates of the age-averaged,
lifetime radiation cancer incidence risk and are
based on human data.
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Table 10-4 Example of Sources of Uncertainty in Human Health Risk
Assessment

Examples of
Sources of Uncertainty

Description

Potential Direction and Magnitude

of Risk"
Over- Not Under-
estimation defined | estimation

Risk Characterization

Exposure assessment

All uncertainties in the exposure assessment are
carried into the risk characterization.

Toxicity assessment

All uncertainties in the toxicity assessment are
carried into the risk characterization.

Additivity of COPC
cancer risk

The assumption of additivity of COPC cancer
risk assumes intakes of individual chemicals
are small, and there is no interaction among
chemicals.

Additivity of ROPC
cancer risk

The assumption of additivity of ROPC cancer
risk is much less uncertain than for COPCs
because the mode of action is the same for all
radionuclides.

Additivity of COPC
hazard quotients

The assumption of additivity is likely to
overestimate risk since many chemicals act on
different target organs.

* This is an example of the information to be included in the uncertainty table in the PRA report and is not intended to be inclusive

of all sources of uncertainty.

® These columns will indicate whether the assumption used to compensate for the uncertainty is likely to overestimate or
underestimate the actual risk, or whether the direction cannot be identified. The potential magnitude of this impact will be
identified as minor (+, o, -) or major (++, 0o, --).

¢ In this context, residential receptors include resident (adult and child), resident subsistence farmer (adult and child), resident
fisher (adult and child), Native American subsistence resident (adult and child), and the residential portion of the Hanford Site

industrial worker exposure.
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Example of Sources of Uncertainty in Ecological Risk

Assessment

Examples of
Sources of Uncertainty

Description

Potential Direction and Magnitude

of Risk"
Over- Not Under-
estimation defined | estimation

Problem Formulation

Identification of
ecological receptors

Receptors are identified to represent various
feeding guilds and trophic levels.

Choice of assessment
endpoints

Endpoints are chosen to represent key species
in the Hanford Site ecosystem.

Choice of measurement
endpoints

Endpoints are chosen to represent significant
deleterious effects to ecological receptors.

Exposure Assessment

COPC and ROPC list All COPCs and ROPCs are modeled; therefore,
uncertainty in this list will be carried into the
ERA.

Emission Rates of COPCs | Estimated emission rates are the starting point

and ROPCs for predicting environmental concentrations;
therefore, uncertainty in these estimates will be
carried into the ERA.

CALPUFF air dispersion | Airborne concentrations are used to predict

modeling environmental concentrations; therefore,

uncertainty in these estimates will be carried
into the ERA.

Soil accumulation
modeling

Soil concentration is the starting point for
predicting soil ingestion exposures and uptake
into food; therefore, uncertainty in these
estimates will be carried into the ERA.

Surface water and
sediment accumulation
modeling

Surface water and sediment concentrations are
the starting point for predicting exposure to
aquatic biota; therefore, uncertainty in these
estimates will be carried into the ERA.

Plant accumulation
modeling

Plant concentration is the starting point for
predicting plant ingestion exposures and
concentrations in higher trophic levels;
therefore, uncertainty in these estimates will be
carried into the ERA.

Food chain multiplier
(FCM) approach for
aquatic receptors

The challenge of extrapolating from one
aquatic species to another will be identified.

FCM approach for
terrestrial receptors

The challenge of extrapolating from aquatic
species (which make up the database for
FCMs) to terrestrial food chains will be
identified.
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Example of Sources of Uncertainty in Ecological Risk

Assessment

Examples of
Sources of Uncertainty

Description

Potential Direction and Magnitude

of Risk"
Over- Not Under-
estimation defined | estimation

Exclusive diets

Exclusive diets mathematically make the
animal too dependant on one food source
(whether plants or animals). This represents a
large departure from realistic real diets for
desert omnivores.

Exposure parameters

Exposure parameters are a combination of
average and upper-bound point estimates of
parameters that vary widely among individuals.

Effects Assessment

Toxicity reference values
for terrestrial receptors

Toxicity thresholds are based on concentrations
reported to have no, or little, effect on the test
organism or are estimated conservatively from
published toxicity data.

Toxicity reference values
for aquatic receptors

Toxicity thresholds are based on concentrations
reported to have no, or little, effect on the test
organism or are estimated conservatively from
published toxicity data.

Risk Characterization

Exposure assessment

All uncertainties in the exposure assessment are
carried into the risk characterization.

Effects assessment

All uncertainties in the effects assessment are
carried into the risk characterization.

Additivity of COPC
hazard quotients

The assumption of additivity is likely to
overestimate risk since many chemicals act on
different target organs.

* This is an example of the information to be included in the uncertainty table in the PRA report and is not intended to be inclusive

of all sources of uncertainty.

® These columns will indicate whether the assumption used to compensate for the uncertainty is likely to overestimate or
underestimate the actual risk, or whether the direction cannot be identified. The potential magnitude of this impact will be
identified as minor (+, o, -) or major (++, 0o, --).
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